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PREFACE 
This Research and Development paper contains a summary of the f i r s t  regional 
conference by the I n s t i t u t e  of Te r r e s t r i a l  Ecology (ITE) on the subject  Of 
Ecology i n  the  1980s. I t  was concerned with northern England, with 
pa r t i cu l a r  reference t o  the  uplands, and was designed t o  develop a dialogue 
between research ecologists and the users of ecological information. The 
conference was held a t  the Cumbria Grand Hotel, Grange-over-Sands, Cumbria, 
on 13 and 14 April 1981. 
The conference was opened by M r  J N R J e f f e r s  (Director, ITE) and 
M r  J C Dunning (Countryside Comissioner and Farmer). The number of 
major subject  areas were iden t i f i ed  and each was introduced by two speakers, 
one speaker representing the user i n t e r e s t s  and ident i f ied  some of t he  
problems which he considered relevant t o  ecology; t he  second speaker 
i den t i f i ed  the contribuzion which can be made by ecological  research. These 
introductory comments were follovred by open discussion. The introductory 
comments and a summary of the discussions cons t i tu te  the  cen t ra l  pa r t  of 
t h i s  R & D paper. M r  J e f f e r s  concluded the conference with a summary of 
ITli's approach t o  ecological  research and H r  Dunning emphasised the  iQIpOrtanCe 
of in tegra t ing  our land use pol ic ies .  
ITE would l i k e  t o  thank the nany people who par t ic ipated so  act ively i n  the  
discussions and the s t a f f  who worked so e f f i c i en t ly  t o  ensure the smooth 
running of the  conference. 
0 W Heal 
Senior Officer 
ITE 
Merlewood Research Station 
ECOLOGY I N  THE 1980s 
CONTRIBUTORS 
ALLEN, M r  S E 
ITE, Merlewood Research Station, Grange-over-San&. Cumbria LAll 6JU 
DAVIES, Mr E J b! (Cheiraan) 
Forestry Comission, South Scotland Conuervancy, 55-57 Moffat Road, 
Dumfries, Scotland DGl UiP 
DUNNING, Mr J C 
Low Chapel, Orton, Penrith, Cumbrie 
FLOATE, D r  hZ J S 
H i l l  Farming Research Organisation, Bwh Estate,  Penicuik, Llidlothian, 
Scotland EH26 OPY 
FRANKLAND, D r  H M T (Chairman) 
C/O Nature Conservancy Council, North West England Regional Office, Blackwell, 
Bowness-on-Windermere, Windermere, C\Lmbri.a LAa3 3JR 
HANDLEY, D r  J F 
Planning Department, Merseyside County Council, P 0 Box 95, 
Metropolitan House. Old Bal l  S t r ee t ,  Liverpool L69 3EL 
HEAL, D r  0 W 
ITE, Merlewood Research Station, G ~ u I ~ ~ ~ - o V ~ ~ - S ~ I I & ,  Cunbria. LA11 6JU 
HOOPER, D r  M D 
ITE, Monks Wood Experimental Stat ion,  Abbots Ripton, Buntingdon PE17 2LS 
HUMPHRIES, N r  A B (Chairman) 
Cumbria College of Agriculture and Forestry, Newton Rigg, Penrith, 
Cumbria C A l l  OAH 
JEFFERS, M r  J N R 
ITE, Merlewood Research Station, Grange-overSunds, Cumbria LAll 6JU 
KINSaw, D r  D J J (Chairman) 
Freshwater Biological Associution, Ferry House, Far Sarrey, Ambleside, 
Cumbria LA22 OL? 
I LAST, Professor F T ITE, Bush Estate ,  Penicuik, Hidlothian, Sootland EH28 OQB 
I MATTHEWS, M r  P K Economic Forestry Group, 27 Rutland Square, Edinburgh, Scotland EH1 2BW 
MILNER, D r  C 
I ITE,  Bangor Research Stat ion,  Penrhos Road, Bmgor, Gwynedd LL57 2LQ 
NEWSON, D r  13 D 
I n s t i t u t e  of Hydrology, S t a y l i t t l e ,  Llanbrynaair, Powys SY19 7DB 
ROBERTS, D r  T M CChairman) 
I Central E lec t r i c i ty  Research Laboratories, Kelvin Avenue, Laatherhead, Surrey 
ROBINSON, P r o f e ~ : ; o r  ') G (Chairmar) 
Department of '?'o:,n arid Country Plpnning, The Univers i ty ,  Oxford Hoad, 
Manchester iJ13 YPI, 
STATBAM, M r  D C 1 
North York hloors National  Park,  The Old Vicarage, Bondgate, Helmsley, 
York YO6 5BP 
TEW, Mr J F B 
Ministry of Agricul ture,  F i s h e r i e s  and Food, Land SBrvice, 
Great Westminster House, Horseferry Road, London SWlP 2AE 
WALSH, D r  P D 
North West Water Authori ty,  Dawson Xouse, Great Sankey, Warrington WA5 3LW 
Guest Speaker: M r  Tam Dalyel l  !T, The Binns, Linlithgow, Scotland EH49 7NA 
1 INTRODUCTION 
ECOLOGICAL RESEARCH I N  THE 1980s 
J N R J e f f e r s  
Early i n  1980, I posed 4 questions t o  the s t a f f  of ITE: 
1 What are the rea l ly  important ecological issues  fo r  the  
198091 
2 How much of ITE's present research is relevant t o  these 
issues? 
3 What do we need t o  do t o  increase the relevance of Our 
research i n  the  1980s? 
4 How can we best  work on these issues  with other In s t i t u t e s ,  
with the Universit ies,  and with the organisations and 
individuals who might use the r e su l t s  of our research? 
These questions led t o  much active discussion i n  each of I T E ' s  research 
s t a t i ons .  Some of t h i s  discussion was informal, but there  were a lso 
several  more formal workshops arranged t o  discuss pa r t i cu l a r  issues  a t  
g rea te r  depth. The r e su l t s  have been brought together i n  i n t e rna l  papers. 
and have been summarised f o r  ITE as a whole. 
Naturally, our answers t o  these questions have been those of professional 
ecologis ts  from a wide range of s c i e n t i f i c  discipl ines .  There has been a 
bias  towards applied research, but we have emphasised the importance of a 
strong investment i n  fundamental research. Knowledge of the bas ic  ecology 
of populations and processes i s  e s sen t i a l  if applied research i s  t o  have a 
sure  bas i s  from which t o  s t a r t .  Our experience of commissioned research 
has confirmed t h a t  solut ions  t o  environmental problems can only be derived 
from long term programmes of fundamental research, When rapid answers t o  
complex questions are needed, i t  is b e t t e r  t o  re ly  on a sound knowledge of 
processes than on in tu i t i on  and on short  term empirical research. 
I t  was always intended t h a t ,  when we had cleared our ov~a thoughts On the 
ecological issues  of the  1980s. we would ask the same questions of the wider 
community of i n t e r e s t  i n  the  ru ra l  environment. This is the f i r s t  of 4 
symposia on 'Ecology i n  the 1980s1, which w i l l  be run by ITE, and i t  w i l l  
concentrate mainly on the problems of the  uplands of Bri ta in .  A fu r ther  
symposium, dealing mainly w i t h  the problems of the  lowlands, w i l l  be run 
ear ly  next year,  and the other symposia w i l l  be run, one i n  Scotland and One 
i n  Wales, l a t e r  t h i s  year. 
In t h i s  pa r t i cu l a r  symposium, 6 main themes have been iden t i f i ed  as a focus 
f o r  the  discussion, namely: 
Rural land use planning 
Indus t r ia l  e f f e c t s  on land 
Future fores t ry  pract ices  
Land-water in te rac t ions  
Developments i n  upland agr icul ture  
Conservation, recreation and amenity 
In  addition, however, demonstrations of I T E ' s  research and publications have 
been arranged, and there r i l l  be opportunities fo r  p a r t l c i p m t s  t o  v i s i t  the  I 
nearby Merlewood Research Station t o  see some aspects of ecological research 
which have not been included d i rec t ly  i n  t h i s  symposium, par t icu la r ly  
research on chemistry and systems analysis. I 
THE PROBLEW OF THE UPLANDS 1 
J C Dunning 
1 The uplands (or ' l e s s  favoured areas' i n  EEC jargon) comprise 4246 of the 
agr icu l tura l  land area of the UK. The way i n  which the  nation u t i l i s e s  
t h i s  subs tan t ia l  pa r t  of its land area i s  of the  utmost s ignif icsnce t o  
both the economy and the l i f e  of the nation. 
I 
2 The demands which society  places on the uplands have broadened Pad 
in t ens i f i ed  over the past  40 years. There has not been a time when 
I 
the  resources of the  uplands were more relevant t o  the needs of the  
nation. I 
3 Agriculture remains the most important land use i n  the uplands; 
however, re turns  from livestock production have become pr0greSSivelY 
l e s s  able t o  support upland communities and services,  and l e s s  able t o  
sus ta in  other  nat ional  purposes which depend on the management of 
I 
agr icu l tura l  land - a l l  t h i s  i n  s p i t e  of an element of soc ia l  Support 
i n  nat ional  and community aids t o  l e s s  favoured areas. 1 
4 During t h e  past  century, the  economy of most upland areas has changed 
dramatically from an agr icu l tura l  economy supporting a aubstant ia l  
population which was se l f - suf f ic ien t  i n  most goods and services ,  t o  t he  
much reduced population of an extensive agr icul ture ,  l imited t o  a 
I 
narrow range of farm products, buying i n  most of the  goods and services 
it required. More recently t h i s  process has gone much fur ther ,  but  
superimposed upon the h i l l  farming economy h a w  emerged many new 
I 
economic resources such as forest ry ,  tourism and minerals extraction.  
whilst  publ ic  demands l i k e  water conservation, landscape and wi ld l i fe  
conservation, and publ ic  recreat ion have become the major nat ional  
I 
concern i n  large par t s  of the  uplands especial ly  i n  England and Wales. I -
5 For h i s t o r i c  reasons, the  various old and newly emerged roles  of the  
h i l l s  have been developed, promoted and administered en t i r e ly  Separately,  
l ed  by often remote, s ing le  purpose government agencies and supported 
by vociferous pressure groups. The r e su l t  has, i n  many cases, been 8 
s e r i e s  of divergent departmental po l ic ies  which have often resul ted i n  
I 
b i t t e r  conf l ic t ,  o r  unsatisfactory compromise. I 
6 The Ug then has no uplrurds policy. Each department seeks t o  protect  
its i n t e r e s t  i n  the  h i l l s  e i t h e r  by acquiring land, o r  by p l a ~ i n g  a 
s ta tu tory  r e s t r i c t i o n  on its use, o r  by f inanc ia l  inducements, o r  by 
paying compensation. 
I 
7 These s-lf-defeating conf l ic t s  i n f l i c t  increasing damage on the economy 
and every other i n t e r e s t  as well  as increasing the burden on the 
Treasury. The a l te rna t ives  are simple, e i t h e r  we must accept a 
divis ion of land uses, according primary designations, with each 
i n t e r e s t  protect ing i t s  patch,  and with an increasingly de re l i c t  upland 
economy, o r  we must in tegra te  our nany purposes i n  the  h i l l s  and 
reshape the po l ic ies  by which our separate purposes are achieved t o  
enable each t o  prosper by serving i t s  own, and other ,  purposes 
simultaneously i n  the  t o t a l i t y  of the upland economy. 
8 Very l i t t l e  research has been done i n  t h i s  v i t a l  f i e l d  which includes 
the ecological  implications of combining d i f f e r en t  land uses; t h e  
e f f ec t s  of d i f fe ren t  management systems i n  f a c i l i t a t i n g  multiple uses; 
the  p o s s i b i l i t i e s  f o r  increasing the benef i ts  t o  several  objectives a t  
t he  same time, by the w e  of d i f f e r en t  species o r  techniques. For 
example there  i s  need f o r  fur ther  research on the in te rac t ion  of farming 
with fores t ry ,  o r  the  protection of hab i t a t s ,  o r  landscape Conservation, 
o r  recreation,  o r  tourism, o r  small manufacturing o r  processing 
en te rpr i ses ,  o r  indeed any combination of these and other poss ib i l i t i e s .  
New pressures and the changing economic climate now demand tha t  we make 
f u l l  ' a d  careful  w e  of our resources i n  the  h i l l s .  We s t i l l  lack the 
knowledge i n  many of these interconnected f i e l d s  which could enable 
these demands t o  be answered and reconciled. 
I Until  the end of World War 11, changes of use (or  .user) i n  rural  a m u  have. f o r  the M.t p w t ,  taken place i n  an unplanned manner. I t  is often sa id  
I t ha t  much of our ru ra l  landscape pattern originated during the 18th century enclosures. This is t o  some extent t rue  rs one of the consequences w u  t o  reduce the  number of t rees  t o  provide hlmdredu of r i l e s  of fences within the 
enclosed land. But it W M  largely ur acceleration of processes i n  operation 
I fo r  aenturios which collectively and gradually a m g o d  the balm- betwoan m a 8  and h i s  onvlronmnt. 
Yore formal pluming prowsses  were developed a f t e r  1847 under the auspiaes 
of the Ministry of Town and Country Plmning. I t  i r  gonerally ccu~ded t h a t  
subjects (and even the  machinery) t o  form the  b u i 8  of ru ra l  plrnning even 
I n a  requirus fur ther  debate. - 
Qle of the sa l i en t  features of the period 1058-1SWJ ha8 been the  
I ident i f ica t ion  of i n c m u i n g l y  severe duago  t o  the countryside and its natural  habi ta t s  and the  extinction o r  near ax t inc t ia r  of species of fauna 
and f lora .  A l a n  a t  t h i s  mituation h u  resulted i n  the growth of s t r a r g  
I conservation in t e re s t  and a coll.ervation lobby which seek8 a much greator say i n  h a  the  countryside u a who10 is planned. Agriculture is the  main w e r  of our ru ra l  u e u  and therefore is held t o  be tho main offender i n  the 
damaging chanys .  
8 I The ro le  of agriculture is c l e u  and h u  been s e t  i n  a background which 
r a q u i n 8  i n c r e u i n g  productivity from a diminishing area of famland. The 
I d-da f o r  res ident ia l  and i n d w t r i a l  land - often a t  the expense of high qual i ty  agr icul tural  land - have 1od t o  fur thor  inroad. by f a r r r s  i n t o  the 
n s i d u a l  uncultivated arop., often r ich i n  important habi ta ts .  In tho 
I l a l u r b ,  t h i s  ha# bean a t  the orpenso of woodlmd, raw peat,  mushes and the o o ~ t a l  fringe. In the uplands, thom have been changes i n  the . o o r l n ~ d  fringe,  i t s e l f  a notor iowly s h i f t i n a  marain. indicative of econoric 
I Other pmssurom, notably those created by f o n s t r y ,  water supply and 
recreation, have however added t o  the overal l  lurd take. Further major 
I expansion of forestry,  both s t a t e  and pr ivate ,  is envisaged. Much w i l l  be i n  upland a r e u .  Likewise the demand for  water w i l l  s t imulate tho need fo r  impounding reservoirs md water catchwnt u e ~  within the uplands, 
I 
' though t h e  demand fo r  farm n s e r v o i r s  w i l l  be i n  the lowlanb. Recreational 
n n &  b u i c a l l y  can be sa t i8 f i ed  by s e t t i n g  u i d e  car ta in  a n a n  f o r  public 
access and w e ,  but the i l pac t  on habi ta t8  should not be overlooked. 
I We t h w  see changing pros8urer on ru ra l  a r e u  largely donudad of poople but otherwise r e q u i ~ e d  fo r  a greater  v u i e t y  of n r o u r c e  a l loca t ia rs .  
'll10.e prowasem and tho changes they i n i t i a t e .  and mayb. perpetuate, are  
I largely a s t ep  i n t o  the unknown. Careful moaitoring of cawe and ef fec t  - and the many inter-relationships - t h w  boons essential if wo uo t o  plan 
t0.be.t O v e r a l l  effect .  
The e f f ec t s  of management pract ice  on moorland insofar  as i n t e rna l  and 
peripheral  changes are concerned need careful  at tention.  This ra i ses  
the question of what happens when moors are reclaimed, and, jus t  as 
important, what is  the sequence of events a f t e r  reversion. How does 
a f fores ta t ion  and the management of fores t s  of d i f fe ren t  species a f fec t  
adjacent areas? What habi ta t s  can be created and how can they be 
developed? What i s  the  sequence of events i n  new water catchments where 
ex is t ing  uses may be precluded o r  modified? What are the e f f ec t s  of 
d i f fe ren t  - even new - forms of agr icul tural  management on the surrounding 
land? Does the  over-use of recreational areas have a marked and 
i r revers ib le  effect?  And are schemes f o r  marshland reclamation rea l ly  aa 
damaging i n  the  long term as much current opinion alleges? These are  jus t  
a few of the more general questions i t  may be pertinent t o  pose. How the 
questions should be answered remains. 
Those with an i n t e r e s t  i n  agr icul ture  - and the conf l ic t s ,  r e a l  o r  iaagined, 
w i t h  those who seek t o  conserve - are  not unsympathetic t o  the  i n t e r e s t s  Of 
ecologis ts ,  though conservation and ecology are  not necessari ly synonymow. 
We f e e l  there  i s  a r e a l  need t o  be b e t t e r  informed on many facets  Of the 
i n t e r r e l a t i o n s h i p .  There is a pressing case f o r  what might be termed 
ecological a t l a s  information; for  b e t t e r  documentation of s i t e s  which are 
of i n t e r e s t  s o  t ha t  l ike ly  conf l ic t s  have a sounder basis  f o r  debate. 
Finally, there  is a need f o r  long term monitoring of change and the 
processes of d~ange  so  t h a t  decisions can have a sotmd fac tua l  bUiS. 
INTRODUCTORY O O ~ N T S  
. Rural land use is largely outside the formal planning machinery. Nevertheless, 
plans are  developed by individual land owners, commercial organisations and 
s ta tu tory  bodies. In some cases these are concerned with increasing 
production by a change i n  management o r  use, others are  concerned with the 
re tent ion o r  re-establishmnt of pa r t i cu l a r  wi ld l i fe  o r  scenic  features.  
Thuo chmges i n  land use and interact ions  between uses are r ea l  issues  
whioh are  subject  t o  informal planning, public and pr ivate  debate and 
pressures. 
The key questions, and t h e i r  inter-relationships,  i n  any area of planning 
are iden t i f ied  i n  Figure 1. How can ecological  research help i n  ~ S W e r i n g  
these questions? 
1 What is there  now and how is it changing? 
Most uaer groups have eetablished methods of environmental 
description,  survey and monitoring, designed t o  provide 
information fo r  spec i f i c  l imited question$. In contras t ,  
eoological research should focus on prrviding a common base- 
l i n e  t o  which the various land uses can be re la ted  and on the 
saonitoring of the e f fec t s  of s ing le  and multiple w a s .  
( Plg~ lW 1 THE MAIN QUESTIONS AND ACTIVITIES COHCEWED IITli RURAL LAND USE PLANNING 
I What is there now? 
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2  ow could i t  change? 
Given tha t  most users are concerned with immediate problem 
w i t h  economic re turn,  they have l imited opportunity t o  examine 
a l t e rna t ive  management options,  especial ly  those which combine 
features  of i n t e r e s t  t o  other users and compromise t h e i r  own 
re turns .  Ecologists can a s s i s t  i n  se lec t ion  of a l t e rna t ive  
I 
options especial ly  where these require an understanding of the  
cha rac t e r i s t i c s  of uncult ivated plant  and animal species and 
soils. 
I 
3 How i s  it  l i ke ly  t o  change? 1 
Probably the  most important, and most d i f f i c u l t ,  contribution 
t h a t  ecological  research can make i s  t o  pred ic t  the  consequences 
of current and a l te rna t ive  land use pract ices  t o  the  system 
(plant ,  animal and s o i l )  and t o  adjacent s y s t e m .  The immediate 
I 
e f f ec t s ,  both i n  space and time, may be apparent t o  the  user,  but  
long term e f f e c t s  and those r e su l t i ng  from in t e r ac t i ng  fac tors  a r e  
unlikely t o  be considered by the  user and planner. To pred ic t  
I 
ecological  consequences requires understanding of the  dynsmics of 
populations and processes. The test of our understanding i s  
whether o r  not we can pred ic t  the  e f f ec t s  of management t o  the  
I 
l eve l  of accuracy required by the  users.  I 
SUMMARY OF DISCUSSION I 
D G Robinson 
In  introducing h i s  paper, M r  J F B Tew of t he  Ministry of Agriculture, 
F i sher ies  and Food (MAFF) Land Resources Division (representing the  user  
viewpoint), emphasised t he  importance of inves t iga t ing  the  po t en t i a l  f o r  land 
use change i n  the  uplands. He i l l u s t r a t e d  the  contribution t o  joint  s tud ies  
I 
of these  issues  t h a t  can be made by an agency with concern f o r  the fu ture  
Of a pa r t i cu l a r  land use by reference t o  the  use of MAFF's H i l l  and Uplands 
Survey i n  two recent s t ud i e s  of areas i n  the  Pennines - the  South West 
Moorlands of the  Peak Di s t r i c t  and the  West Pennine Moors, north of Bolton. 
I 
In such policy s tud ies  f o r  upland areas he saw po ten t i a l  f o r  ITE research 
t o  contribute valuable knowledge on the ecological  in te r - re la t ionsh ips  between 
uses and the  re la t ionship between management p rac t ices  i n  a pa r t i cu l a r  use 
I 
and the  a rea ' s  na tu ra l  resource cha rac t e r i s t i c s .  In a more general sense 
he attached considerable importance t o  ITE's s t r a t e g i c  survey work which 
might provide consis tent  na t iona l  'basel ine '  data on land use,  vegetation 
I 
and wi ld l i f e  d i s t r ibu t ion  and the  subsequent regular  monitoring of change. 
Msputed, and widely varying, current est imates of loss  of mosslands 
provided a t yp i ca l  i l l u s t r a t i o n  of the  need f o r  consistent  and r e l i ab l e  data  
on r u r a l  land use change. In p a r t i c u l a r ,  MAFF hoped t h a t  ITE's data bank 
I 
and monitoring work would go some way towards the  compilation of more 
r e l i a b l e  a t a t i s t i c s  on r a t e s  and typea of ag r i cu l tu r a l  land loss .  I 
The paper  presented  by D r  0 w Heal of ITE asked t h e  Grocp t.o explore  ~~~'~ 
b e s t  ITE's %;:.ck might con t r ibu te  t o  answering 3 ques t ions  of major 
importance i n  the  planning of t h e  uplands: 
1 What a re  the  resource and land use c h a r a c t e r i s t i c s  of t h e  uplands 
and how a re  they changing? 
2 HOW could t h e  land use change i n  t h e  fu tu re?  What a re  t h e  
a l t e r n a t i v e  management and uoe changes t h a t  can be  hypothesized 
from p r e s e n t  knowledge and trends? 
3 How i s  i t  l i k e l y  t o  change? Can w e  p r e d i c t  t h e  lone  term 
e c o l o g i c a l  consequences of cu r ren t  and prospect ive  a l t e r n a t i v e  
land use p r a c t i c e s  m d  systems and thereby provide guidance On 
t h e  ways i n  which l ad  can b a s t  be used i n  o rde r  t o  conserve 
t h e  n a t u r a l  resources? (Guidance and information t h a t  could 
be  set alongside s o c i a l  and economic cons idera t ions  i n  f u t u r e  
planning.)  
I n  in t roduc ing  h i s  paper  D r  Heal focussed a t t e n t i o n  on the  various l e v e l s  of 
Im's  p o t e n t i a l  con t r ibu t ion .  The range began with more b a s i c  work Such 
as s t u d i e s  of t h e  long run e f f e c t s  of land uses ( i n  both s ing le -  and 
mult iple-use s i t u a t i o n s )  on t h e  ecology of t h e  uplands; and na t iona l /  
r eg iona l  surveys of land use ,  vegeta t ion ,  e tc  with monitoring of subsequent 
changes. A s  mentioned i n  the  paper ,  however, t h e  range migkt extend t o  
p r e d i c t i o n  of t h e  eco log ica l  e f f e c t s  of a l t e r n a t i v e  land use f u t u r e s .  
D r  Heal w a s  p a r t i c u l a r l y  anxious t o  have t h e  views of t h e  Discussion Group 
on whether  such s t r a t e g i c - l e v e l  work, which could inc lude  at tempts t o  
p r e d i c t  t h e  e f f e c t s  of n a t i o n a l  o r  r eg iona l  p o l i c i e s  o f  s e c t o r a l  agencies 
and a s s e s s  t h e i r  compa t ib i l i t y ,  was an appropr ia te  a r e a  f o r  ITE involvement. 
I n  d i scuss ion  t h e r e  was cons iderable  suppor t  f o r  t h e  view t h a t  t h e  b e s t  
f u t u r e  f o r  t h e  uplands l a y  i n  more i n t e g r a t i o n  of t h e  land use a c t i v i t i e s ;  
wi th  more multiple-use/multiple-enterprise d i v e r s i f i c a t i o n  both a t  farm 
holding,  f o r e s t  u n i t ,  o r  i n d i v i d u a l  water  catchment l e v e l  and on an upland 
d i s t r i c t  b a s i s .  I n  such d i v e r s i f i c a t i o n  new e n t e r p r i s e s  such as  energy 
cropping of bracken could not be discounted.  More i n t e g r a t i o n  impl ies  
more coordina t ion  of t h e  planning of s e c t o r a l  agencies concerned with 
a g r i c u l t u r e ,  f o r e s t r y ,  wa te r ,  n a t u r e  conservat ion,  landscape and socio- 
economic development - inf luenced by a r e a l  acknowledgement of t h e  i n t e r -  
r e l a t i o n s h i p s  i n  resource  use. A s  i n i t i a t i v e s  f o r  more coordinated 
planning have no t  been noticeably e f f e c t i v e  i n  t h e  p a s t ,  t h e  r o l e  t h a t  
disseminat ion of f indings  from ITE research  might p lay  i n  in f luenc ing  
'harmonisat ion '  of p o l i c i e s  was much emphasised. I n  t h i s  respect  
cons iderable  importance was a t tached t o  t h e  n e u t r a l  and o b j e c t i v e  s tanding 
of ITE. As a  Natura l  Environment Research Council (NERC) I n s t i t u t e  i t  i s  
n o t  a t t ached  t o  any p a r t i c u l a r  use r  i n t e r e s t .  Because of i t s  Concern wi th  
system i n t e r - r e l a t i o n s h i p s ,  eco log ica l  information and p red ic t ion  supp l i ed  
by ITE research  can he lp  t o  ensure  t h a t  both s e c t o r a l  and j o i n t  planning f o r  
f u t u r e  upland land use takes  due account of the  need f o r  en i n t e g r a t e d  
approach. I t  was suggested t h a t  cons idera t ion  should be given t o  
e s t a b l i s h i n g  experimental  p r o j e c t s  which inc luded ITE involvement i n  a  
number of s e l e c t e d  upland d i s t r i c t s .  Whilst t h e  Group thus supported t h e  
Concept Of development of ITE work on eco log ica l  cons ide ra t ions  involved 
i n  s t r a t e g i c  land use policy,  par t i c ipan ts  were a l so  conscious of the 
importance of the  pa ra l l e l  programme of research on individual organisms 
and s p e c i f i c  ecosystems which supplies knowledge of d i r ec t  and immediate 
relevance, t o  deta i led land use plaaning and management. In t h i s  
connection s p e c i f i c  reference was made t o  'post-development audits '  of new 
o r  i n t ens i f i ed  aspects of r u r a l  land use,eg multi-purpose land use areas,  
in tensive recreat ional  s i t e s ,  e ta .  This was seen as pa r t  of the  general 
need f o r  development of work i n  the  area of Environmental Impact 
Assessment methodology. 
3 INDUSTE1:AL EFFECTS ON THE LAND 
INTRODUCTORY COMMENTS 
T M Roberts 
The environmental e f f ec t s  of large-scale i ndus t r i a l  development resu l t  
from d i rec t  land loss  or  ind i rec t  e f f ec t s  resul t ing from increased 
t ransporta t ion,  emissions t o  atmosphere and aquatic discharges. Direct 
land loss  ( fo r  the development s i t e ,  increased quarrying and waste disposal 
s i t e s )  w i l l  inevitably increase pressures on conservation i n t e r e s t s ,  
There w i l l  be an increasing need, i n  these times of cost-benefit analysis,  
f o r  ecologis ts  t o  produce computerised data banks on important hab i ta t s  
t o  help develop objective methods f o r  quantifying the 'conservation value' 
of threatened s i t e s .  For example, i n  the e l e c t r i c i t y  industry the 
development of nuclear s ta t ions  and large barrage schemes W i l l  increase 
the need for  pumped storage power s t a t i ons .  These must necessari ly be 
located i n  mountainous areas so  the significance of e f f e c t s  on moorland 
ecology must be quant i f ied (eg loss  of ra re  species,  hab i ta t  loss ,  peat 
erosion, e t c )  . 
For atmospheric emissions, the  l a s t  decade saw an evolution from concern 
f o r  loca l i sed  e f f ec t s  (eg heavy metals around smelters,  SO2 and IIF from 
steelworks, e t c )  t o  concern f o r  ecological  e f f e c t s  on a regional (acid 
ra in ,  photochemical smog) o r  global sca le  (carbon dioxide) . The lesson 
of the l a s t  decade i s  that  environmental problems require in te r -  
discipl inary research. Slow progress i n  quantifying the e f f e c t s  of acid 
ra in  is par t ly  due t o  the complexity of interact ions  between t e r r e s t r i a l  
and aquatic ecosystems and research is  l ike ly  t o  continue well i n to  the 
next decade. Another regional problem i s  l ike ly  t o  a r i s e  from the 
formation of photochemical smog i n  Europe. The past  two decades have seen 
an increase i n  the products of photochemical reactions (aerosol sulphate 
and n i t r a t e ) .  Although d i rec t  measurements of ozone date back only t o  the  
ear ly  1970s, i t  i s  now c l ea r  tha t  emissions of NO and hydrocarbons i n  
northern Europe are su f f i c i en t  t o  resu l t  i n  photokemical smog formation 
under su i t ab l e  c l imat ic  conditions (eg the  summers of 1975 and 1976). 
Nevertheless, the  frequency and magnitude of episodes are well  below those 
recorded i n  Cal i fornia  and considerable research w i l l  be needed t o  determine 
the e f f ec t s  on plant growth. 
There is  l ike ly  t o  be pressure from the EEC i n  t he  next decade t o  modify 
the 'best  pract icable  means' of pol lut ion control  i n  the UK t o  incorporate 
a i r  qua l i ty  objectives.  The EEC direct ives  f o r  lead and sulphur dioxide 
have already been issued and the NOx di rec t ive  is currently Mder discussioP. 
The projected expansion of the nuclear industry w i l l  focus a t tent ion on 
the ecological  s ignif icance of released radionuclides and waste disposal. 
In pa r t i cu l a r ,  research e f f o r t  w i l l  focus on the nuclides unique t o  PWR 
discharges and not released by the AGRs currently i n  operation. I t  i s  
d i f f i c u l t  t o  foresee the ecological consequences of other 'novel' 
developments. For example, the environmental e f f e c t s  of emissions from 
W a l  l iquefaction and gasif icat ion developments w i l l  need some 
consideration. 
The changing nature of i ndus t r i a l  processes w i l l  cer ta inly  generate SOUW 
new problems f o r  ecologists involved i n  reclamation problems. For 
example, i ndus t r i a l  o i l - f i red  furnaces w i l l  be replaced by coal-fired 
I 
fluidised-bed furnaces. The next decade may even see these furnaces 
introduced i n t o  new power s t a t i ons .  This w i l l  r e su l t  i n  an increase i n  
t he  volume of wastes and a change i n  the  chemical composition of the fue l  
ash. With foresight ,  these waste products may even be used for  
I 
reinstatement (eg clay workings, e tc )  . I 
Finally,  there  are  some implications f o r  ecologists i n  the  EEC direct ive 
on Environmental Impact Assessment (EIA). Although the member States  are 
t o  be given considerable f l e x i b i l i t y  i n  t h e i r  approach t o  EIA, there  i s  
Certain t o  be a need f o r  more comprehensive data banks on conservation 
I 
i n t e r e s t s ,  dose-response relationships fo r  pol lutants ,  e t c .  Even without 
l e%sla t ion ,  most industr ies  now see  adequate consideration of the 
environmental consequences of large developments as a worth while 
exercise .  In  the  Central E lec t r i c i t y  Generating Board (CEGB), t h i s  i s  
I 
largely based on. experience with ex is t ing  developments. There i s  l ike ly  
t o  be grea te r  i n t e r e s t  i n  the  next decade i n  retrospective analysis of the 




S E Allen 
I t  is only i n  the last twenty t o  t h i r t y  years t h a t  pol lut ion problems have 
involved the ecologist  t o  any great  extent .  During t h i s  period though 
i n t e r e s t  i n  the  subject  has escalated sharply with the growing rea l i sa t ion  
tha t  there  are many forms of pol lut ion which pose a th rea t  t o  wildl i fe .  
80 f a r  most of these pol lutants  have been considered i n  i so l a t i on ,  but i n  
I 
fu ture  more a t tent ion w i l l  have t o  be paid t o  the e f f ec t s  when i n  
combination . 1 
Many of the  present pol lut ion problems w i l l  s t ay  w i t h  us through the 1980s. 
but the emphasis is bound t o  change as controls become more effect ive.  
This has already happened t o  some extent with organic pest ic ides ,  heavy 
metals and eutrophication. A t  present some of the  atmospheric pol lutants  
I 
Such as sulphur and nitrogen oxides are of pa r t i cu l a r  importance, 
ellpecially because of t he  acid ra in  problem, but  technical  developments 
Suggest t h a t  more of these dontaminants w i l l  be reduced a t  source i n  a few 
I 
years '  t i m e .  Perhaps one of the  most important pol lutants  i n  the 1980s 
rill be carbon dioxide. Already there  is considerable concern about the  
build-up of t h i s  gas i n  t he  atmosphere, resu l t ing  from the destruction of 
I 
t r op ica l  fo re s t s  and the ever increasing combustion of f o s s i l  fuels .  More 
information is needed about the  e f f ec t s  on climate and vegetation Cover, 
not only on a global sca le  but i n  individual countries. Some of these 
offocts  could be benef ic ia l .  
I 
8 
The depletion of o i l  reserves and the i n s t a b i l i t y  of the  old producing 1 
reginus are already leading t o  work on coal conversion techniques. I f  
these and s imi la r  products develop on a large sca l e ,  then both the s o l i d  
waste and chemical by-product pol lut ion could pose major environmental 
problems, Already there  i s  much concern about the  leve ls  of organic, 
I 
Par t icu la r ly  aromatic, products i n  the  envl ronment . I 
The need f o r  a dependable energy supply i n  future  is b o u d  t o  receive the  
highest p r io r i t y .  In the immediate future  we s h a l l  have t o  contend with 
increased coal working and combustion, and i t  w i l l  be d i f f i c u l t  t o  hold 
back the nuclear power programme. In connection w i t h  the l a t t e r ,  we need 
t o  know much more about the l ike ly  d i s t r ibu t ion  and the  e f fec t s  of 
radionuclides i n  the  environment following an accident,  and decisions w i l l  
have t o  be taken about the disposal of radioactive waste. Even the 'clean'  
a l te rna t ive  technologies could lead t o  major pol lut ion and land disturbance. 
A fu r the r  th rea t  t o  the environment which w i l l  need watching could follow 
from increased agr icu l tura l  production and marginal land reclamation. Long 
term e f f e c t s  of using chemical products on the farm such as need 
preservatives and herbicides can cause considerable damage. I t  is now 
recognised tha t  many of the  herbicides can cause long term e f f e c t s  which 
were previously disregarded, and there  is concern about the spread of 
vo la t i l e  herbicides t o  surrounding areas of vegetation. The high levels  
of f e r t i l i s e r  applications on water qual i ty  and s o i l  s t ruc tu re ,  the  
extensive stubble and wood burning which i s  now pract ised and the disposal 
of farm s lu r ry  are jus t  some examples of agr icu l tura l  problem which are 
causing concern. 
Disposal of waste i n  future  w i l l  need t o  receive more a t tent ion.  There is 
r e a l  concern i n  some pa r t s  of the country about t h e  shortage of s i t e s  i n  
which t o  deposit waste, both urban and indus t r ia l ,  including tox ic  materials.  
Because of the increased expense of f e r t i l i s e r s ,  and the  s t a t a  of many of 
the  sewage disposal plants  i n  the  country, I would expect t o  see  a move 
towards the use of p a r t i a l l y  processed sewage i n  farming. One of the most 
l ike ly  developments i n  the uplands i n  the 1980s w i l l  be the increase i n  giant 
quarr ies  because of the need t o  ex t rac t  low qua l i ty  ores.  The problem of 
land disturbance and reclamation which could a r i s e  would make our present 
i n d u s t r i a l  waste problems seem ins ign i f ican t  i n  comparison. 
I f  we leave aside spec i f i c  pol lutants ,  perhaps the most important of current 
developments i s  the move t o  t i g h t e r  pol lut ion controls.  The European 
C~mmlSSi~n i s  introducing much s t r i c t e r  environmental standards and these 
w i l l  c a l l  f o r  careful  monitoring. One major problem which w i l l  be with us 
much more i n  the future  w i l l  be the demand by Third World countries t o  have 
t h e i r  share of pollution-causing ' f r u i t s '  of western c iv i l i s a t i on .  In  
dealing with a l l  pol lut ion problems a t  in ternat ional ,  nat ional  and regional 
levels  there  i s  clear ly  a need f o r  use of predict ive models. Indeed, the  
move i n  t h i s  direct ion is already t o  be seen i n  the  increasing use of 
environmental appraisals.  
SUMMARY OF DISCUSSION 
T 16 Roberta 
The sca l e  of i ndus t r i a l  development i n  the uplands through tha  1980s w i l l  i n  
p a r t  be determined by the r a t e  of economic growth f o r  t he  UK as a whole. 
Forecasts of economic growth have provqn t o  be grossly inaccurate i n  the  l a s t  
decade largely because of t he  unforeseen escalat ion i n  o i l  pr ices  i n  1973. 
Estimates of economic growth (or  contraction) f o r  t he  next 5 years range from 
+1.5% t o  -2%. Br i t i sh  industry is ,  therefore,  having t o  come t o  terms with 
zero growth and adjustment t o  an energy-short world but an energy-rich m. 
Nevertheless, within the Br i t i sh  economy there  are areas of potent ia l  
growth. In par t icu la r ,  there  w i l l  be a trend towards increased Coal 
u t i l i s a t i on  f o r  e l e c t r i c i t y  production as well as gas i f ica t ion  and 
l iquefaction.  Oil/gas extraction,  biotechnology, special  e lectronics  and 
petrochemicals are a l l  po ten t ia l  growth areas. 
The devblopments w i t h  par t icu la r  relevance t o  upland areas are  l ikely t o  be 
increaslng extract ion of aggragates and non-ferrous metals. The aggragate 
industry has been i n  recession fo r  the past  2 years and t h i s  is l ike ly  t o  
lead t o  closure of many small quarrying operations and a concentration i n  
the  future on fewer large scale  quarr ies .  The next decade may also see  
large sca le  opencast extraction of low grade metal ores i n  upland areas and 
there  is a poss ib i l i t y  t ha t  deep mining of high grade ores may become 
economical. There i s  uulikely t o  be much large sca le  reservoir  develapment 
i n  the  1980s. but there  may be some pumped storage development. A l l  these 
developments w i l l  provide opportunities for  ecologists t o  contribute t o  the 
evaluation of environmental e f fec t s  and the development of techniques fo r  
minimising e f f ec t s  o r  res torat ion procedures. In some cases, the  d i rec t  
land take by these developments w i l l  r esu l t  i n  the  loss  of important 
conservation s i t e s .  An important consideration i n  these areas is always 
the 'conservation value' of the  threatened areas. Ecologists w i l l  need 
t o  quantify many of the parameters which make up 'conservation value' if 
they are  t o  improve an understanding of ecological matters by those 
involved i n  the  planning and development process. 
The uplands are a lso affected ind i rec t ly  by a i r  pol lut ion from indus t r i a l  
(and domestic) developments i n  the lowlands. Upland areas with shallow 
s o i l s  and bedrock r e s i s t an t  t o  weathering may be susceptible t o  the  
e f f ec t s  of acid precipi ta t ion.  Studies are underway t o  ident i fy  areas 
where lakes, streams and, t o  a l e s s  extent ,  s o i l s  are  susceptible t o  
acidif icat ion i n  upland Great Bri ta in  e i t he r  through acid ra in  o r  through 
afforesta t ion.  There is  a l so  evidence tha t  sulphur dioxide may have 
contributed t o  peat erosion i n  the Southern Pennines through elimination 
of the  peat-building Sphagnum species. Nevertheless, there  has been a 
downward trend i n  sulphur dioxide concentrations over much of the IX over 
the l a s t  decade, par t icu la r ly  i n  t he  most polluted areas, and the  
projections f o r  emissions over t he  next decade do not indicate  a reversal  
i n  t he  trend. 
There is cer ta in  t o  be a'growing need i n  the  next decade fo r  ecologists 
t o  provide baseline data o r  predict ive models t o  a id  i n  the environmental 
impact assessment of major developments. T h i s  w i l l  a lso  involve a b e t t e r  
retrospective analysis of the  e f f ec t s  of ex is t ing  developments. 
1 INTRODUCTORY COMMENTS 
E J M Davies I i 
I 
The afforesta t ion process h s s  changed great ly  over the  l a s t  30 years,  and 
i a t t i tudes  of users of h i l l  land have changed also.  
I Modern methods involve: 1 Soi l  and s i t e  mapping 
I 2 Fencing 3 Cultivation, drainage and f e r t i l i s a t i o n  according t o  s o i l  type 
4 Planting 
5 Weeding 
6 (Respacing o r  pre-thinning) 
1. 7 Adoption of f e r t i l i s e r  regime 
8 Thinning o r  not 
I 9 Clear f e l l i n g  10 Natural regeneration o r  replanting 
I Foresters now recognise t h a t  they possess huge power t o  improve s i t e s  by cul t ivat ion,  drainage and f e r t i l i s a t i o n ,  and It is now possible t o  r a i s e  
f a s t  growing crops of coniferous timber on land t h a t  waa h i the r to  
I considered t o  be uuplsntable. 
Many problems remain, however, and the most in t rac tab le  may be the climate, 
I fo r  although the  oceanic climate of the  UK is admirable for  the growth of many species,  the remarkably high average wind speeds and the frequency of 
gales is limiting.  Work on Windthrow Hazard Clnssif icat ion is impOrtMt. 
1 Rotations w i l l  be shor te r  than on continental  Europe. I The res torat ion of cover on bare h i l l s i d e s  has given marvellous s h e l t e r  fo r  
deer, and great  increases of wild ca t s ,  foxes and roe and red deer have been 
I noted i n  some areas. These pose problems f o r  both farmer and fores te r .  
Another problem re l a t e s  t o  the poverty of our nat ive t r e e  f l o r a  and the  need 
I t o  use exotics.  What r i sks  are  involved i n  the  present preeminence of S i tka  spruce? Can we divers i fy  fur ther?  How much? What with? 
I Other problems, some well recognised already, w i l l  coma forward during debate. What changes i n  present day pract ice  do we foresee? 
INTRODUCTORY CO!dMENTS 
F T Last 
In considering the  research  i n v e s t i g a t i o n s  t h a t  should be accorded p r i o r i t y  
i n  t h e  1980s, I have attempted t o  i d e n t i f y  ( i )  those t h a t  became of 
paramount i n t e r e s t  i n  the  1970s and which s t i l l  need t o  be followed 
through, and ( i i )  those  t h a t  w i l l ,  without t o o  much imagination, be newly 
evolv ing  o r  gaining momentum i n  t h e  1980s. 
1 The outs tanding and continuing problems of t h e  1970s 
1.1 Windthrow: In t h e  last 10 yea r s ,  g rea t  s t r i d e s  have been made 
with ( i )  a more o r  l e s s  un ive r sa l  acceptance of t h e  ser iousness  of 
t h e  problem and (ii) a comprehensive ana lys i s  of s i t e  r i s k s .  
However, t h e  s i l v i c u l t u r a l  approach t o  t h e  minimisation of t h e  
problem - respacing/no th inn ing  - i s  s t i l l  a f e r t i l e  a rea  f o r  
ob jec t ive  experimentation. 
1.2 Increas ingly ,  we a r e  l ea rn ing  from f i e l d  observat ions  t h a t  
( i )  s tomata1 a c t i v i t y  and ( i i )  f i n e  root  growth of S i t k a  spruce 
a r e  both exceedingly s e n s i t i v e  t o  water  d e f i c i t s ,  which commonly 
develop i n  the  uplands. Much more needs t o  be known about t h e  
water  r e l a t i o n s  of S i t k a  spruce and o t h e r  con i fe r s .  Is i t  
f e a s i b l e  t o  cons ider  t h e  s e l e c t i o n  of v a r i a n t s  with less than 
average s e n s i t i v i t i e s  t o  water  d e f i c i t s ?  
1 . 3  Ac id i f i ca t ion  of freshwater  lochs and streams: Evidence i s  
now emerging from more than one upland s i t e  t h a t  ( i )  t he  
a c i d i f i c a t i o n  of bodies of f reshwater  and ( i i )  t h e  concomitant 
change i n  populat ions of f i s h  and i n v e r t e b r a t e s  a r e  a s soc ia t ed  with 
t h e  in t roduc t ion  of coniferous p lan ta t ions .  Recognising t h a t  t h e  
whole of B r i t a i n  i s  inf luenced t o  a g r e a t e r  o r  l e s s e r  ex ten t  by 
gaseous and p a r t i c u l a t e  atmospheric p o l l u t a n t s ,  t h e  causes of 
a c i d i f i c a t i o n  need t o  be  e luc ida ted ,  remembering t h a t  t h e  p o l l u t a n t s  
accumulating on t r e e s  i n  dry weather may e n t e r  t h r o u g h f a l l  and 
stemflow when r a i n  s t a r t s  t o  f a l l .  
1 .4  The l o c a l l y  i n t e n s e  damage done t o  lodgepole p ine  by t h e  p ine  
beauty moth and t h e  widespread havoc wrought by Dutch elm d i sease  
h i g h l i g h t  the  need t o  consider  spec ies  d i v e r s i f i c a t i o n ,  e i t h e r  by 
s e l e c t i n g  a g r e a t e r  range of v a r i a n t s  wi th in  a s p e c i e s  o r  by 
cons ider ing  the  appropriateness of 'new' spec ies  - a lesson t h a t  
should have been l e a r n t  from a g r i c u l t u r e .  The search  and 
u t i l i s a t i o n  of a wider v a r i e t y  of v a r i a n t s ,  which may be  d i f f e r e n t  
provenances, w i l l  r ek indle  an e a r l i e r  debate of ' r eg iona l  
s i l v i c u l t u r e ' .  
1 .5 Genetic gains: Appreciable advances have been made i n  t h e  
i d e n t i f i c a t i o n  of gene t i c  ga ins  l i k e l y  t o  accrue from t h e  
e x p l o i t a t i o n  of vege ta t ive  propagation and t h e  production of rooted 
c u t t i n g s .  But how should they be  p lan ted  and managed - i n  pure  
o r  mixed s t ands ,  of what s i z e ,  remembering their gene t i c  
homogeneity? 
8 Problems of predictably increasing importance i n  the 1980s, 
I remembering t h a t  areas of c l ea r f e l l i ng  w i l l  increase a p p r e c i s b l ~  and. ips0 facto, also areas entering a second rotat ion 
I 2.1 Recognising tha t  appreciable amounts of NOg -N have, i n  a f e w  instances,  been released i n t o  freshwater following c lear fe l l ing ,  
comprehensive attempts t o  monitor changes a t  c l e a r f e l l i n g  must be 
in tens i  f l ed  i n  t he  hope of compiling nut r ien t  budgets. 
2.2 Are we r ight  t o  assume t ha t  a s i t e  a t  the end of a f u l l  fo res t  
rota t ion is as appropriate fo r  provenance ' x '  o r  'y' of S i tka  spruce 
and lodgepole pine as 50-60 years previously? I think tha t  W e  should 
accept t ha t  w e  have a new milieu i n  w h i . 6  the  balance Of nutrients, 
drainage patterns are t o t a l l y  d i f f e r en t ,  possibly favouring d i f fe ren t  
species and pwvenances. For t h i s  reason, I  think t h a t  c01BPreh~i t t .  
s e r i e s  of experiments should be arranged investigating,  s o  t o  s p e l l  
de novo, the nutr ient  balances, the water budgets, the  r a t e s  of 
geochemical cycling o f ,  and i n ,  second rotat ion fores t  crops i n  which 
we should not r igidly constrain ourselves by eaperiences gained fsvm 
f i r s t  rota t ions  - spsculation is required. 
I 2.3 We are  already only too well aware of the presence of e. TO ensure that  ex is t ing  and future  plsntings are safeguarded. increased 
efforCa must be made t o  character ise  the  re la t ion  between hab i t a t  
- -- 
damage (ground vegetation i n  addition t o  t rees )  and ~ O ~ u l a t i o n  s i z e  
and composition. 
2.4 'Waste no t ,  want not'  - even i n  the  uplanda, is i t  possible t ha t  
the productivity of sotao of the  unproductive, and usually deciduous 
o r  mixed, woodlands could be improved without s ac r i f i c ing  amenity and 
conservation value by planting productive variants of the trees tha t  
already exist, i f  only t o  produce fuel? 
B General 
-
TO t h i s  s tage,  I  have assueed tha t  forest ry  w i l l  continue t o  develop 
aa i n  the past  - t o  some extent l i k e  Topsy. Personally, I  would 
welcoaa a much more posi t ive  a t t i t ude  t o  the evolution of a fo re s t  
policy which, i n  turn,  would demand the development of an integrated 
land use policy - both po l i c i e s  should have r profound e f f e c t  on 
priorities i n  forest ry  research. I f  there were a national land w e  
policy, the  impact of afforesta t ion on water conservation, nature 
conservation, landscape and arnenity would, of necessity,  be 
posi t ively considered i n  advance. Are changes i n  northern England 
s imi l a r  t o  those i n  Scotland, where about 40% of the broadleaved 
woodlands have been l o s t  o r  converted t o  conifem during the last 
30 years? Do we real ly  know enough about the ecology of p reda ton  
and t h e i r  prey t o  predict  the e f f ec t s  of the fur ther  fragmentation 
of sheepwalk, of the ecology of red deer and deer fores t  fu l ly  t o  
understand the magnitude of the  problem t o  be created by more 
extensive afforestation? Recognising the problem8 of land tenure 
and of the  economic returns on investments, I s t i l l  think tha t  
pcs i t ive  land w e  pol ic ies  are neecbd. To what extent should we 
be agr icu l tura l ly  se l f - suf f ic ien t  - 60, 60, 7097 Hor much l m d ,  
and of what type, should be s e t  aside fo r  water conservation? 
In addition t o  the management of nature reserves, how many parcels 
of different  types of habi ta t  must be sustained t o  ensure the 
continuance of our landscape? With these and other constraints.  
what s o r t  of target  should be s e t  for  forestry i n  terms of qual i ty  
I 
i n  addition t o  quantity? To some extent,  t rop ica l / sed- t ropica l  
forestry may be a f a r  cry from the uplands, but t o  me they are 
in te r re la ted .  Recognising the  l imited poten t ia l  of fores t ry  i n  
I 
the  Br i t i sh  I s l e s ,  t o  what extent should Br i t i sh  investom ba 
enwurrged t o  finance fores t  plantatloxu ol8orhere - t o  my d n d ,  an 
i .por tur t  facet  of fores t  policy. 
I 
1 Tho importance of economic s i t e  potent ia l  - where t o  get the  
greatest  e f f ec t  i n  t h e  uplands from a l i t t l e  money. 
2 The e f f ec t  on water supplies of fores t  f e r t i l i s e r s  applied On 
water catchments. 
3 The poss ib i l i t i e s  of genetic eng in~e r ing  with fores t  spec iw.  
4 The poss ib i l i ty  of changing the  shape of t r ees  with h0-e9. 
p u t i c u l a r l y  a f t e r  tilpber height h u  been achieved. 
5 The e f fec t  on t r e e  growth of the increasing proportion of C02 
i n  tho atmosphere. 
6 The vulnor8bility of cer ta in  s i l v l c u l t u r a l  a y s t . u  t o  biological  
d i sas te r  and the  prediction of likelihood. 
7 Predator/prey relationships.  
8 The poswibility of using cheap na tura l  sources of nitrogen i n  
s i l v i cu l tu re  (eg legumes) . 
0 A study of the  e f fec t  of grazing within plantations - s o i l  
i .provemnt o r  deterioration - value of s h e l t e r  - su i t ab le  t-e 
speclea - a aw type of fo re s t  grazing integration. 
This list is not exhrwt ive  and does not include the enormous problem 
relatod t o  the  e f f ec t  of wind on our t n e  crops i n  the upl.nds g m e r r l l y ,  
but it indicates  the key issues requiring research i n  the 1880s. 
I 
5 LBMLWATER INTERACTIONS 
INTRODUCTORY COb0ENTS 
P D Walsh 
I A l l  forms of l i f e  i n t e r ac t  w i t h  the hydrological 'cycle - the CirCUlatiOn Of water above, on and below the ear th 's  surface. A t  its l e a s t  s ign i f ican t  
the weather is s t i l l  a topic  of conversation f o r  urbanised man, w h i l s t  a t  
I the  other extreme i t  i s  both the preserver and, a t  times of flood o r  extreme drought, a destroyer of l i f e .  Even i n  a temperate climate, there  
i s  a s ign i f ican t  interplay between human a c t i v i t i e s  and the hydrological 
I cycle. I t  is these interact ions  which are dominant i n  the conf l ic t s  inherent i n  the land-water in te r face ,  since mankind is t rying t o  s t a b i l i s e  
t o  h i s  advantage a natural  process o r ,  through ignorance and thoughtleasness, 
I is destroying a natural  equilibrium. Many of the  conf l ic t s  we face are self-induced and o f t e r  occur as a consequence of t ry ing  t o  protect  one human ac t iv i ty  from another. 
The Water Authority role  
I The North West Water Authority (NWWA) is responsible f o r  a l l  aspects of the  water cycle over an area of 14 500 square kilometres. It supplies water d i rec t ly  t o  and t r e a t s  the  waste water from 7 mill ion domestic and a la rger  
I number of i ndus t r i a l  consumers. Almost half  of its supplies are  obtained from lakes and 152 upland reservoirs i n  Pennlne and Lake Di s t r i c t  h i l l s .  The Authority does not have d i rec t  control  over a l l  i t s  catchments, but it 
does own and therefore manage 60 000 hectares of catchment; 5 000 hectares 
I of i ts  catchments are afforested,  of which 60% is managed direct ly .  
During 1980, 2 460 M 1 (540 million gallons) of water was t rea ted  t o  a 
I potable standard through over 200 treatment plants .  Almost 700 sewage works produce 3& million wet tonnes of sludge which has t o  be disposed of 
each year. 
I I n  oddition t o  these prime functions, the  Authority i s  responsible for:  
Water resource management, including the l icensing of abstractions 
Pollution control  and issuing of discharge consents 
Land drainage and flood a l lev ia t ion  
Fisher ies  management 
Recreation and amenity associated with water 
Water resource development 
1 In the ear ly  1970s, it was confidently predicted tha t  demand fo r  water would 
double by the end of the  century. In 1974, the predicted demand fo r  the 
I NWWA area was 3 140 M l /d by 1981, r i s ing  t o  4 440 M l / d  i n  2001. In the UK, there  is no basic  shortage of water; rather,  i t  is  available a t  the 
wrong time and of ten i n  the wrong place. Engineering works are ,  therefore, 
I needed t o  s to re  and transport  water. In 1977, NWWA i n i t i a t e d  a major 
Engineering and Environmental Impact Study of 4 major reservoir  based 
schemes - Haweswater, Borrowbeck, Hel lef ie ld  and Morecambe Bay. As par t  
Of t h i s  s t r a t e g i c  study, which was a corporative e f f o r t  with the Structure 
Planning Authorities and involved many other organisations,  jo in t  work in^ 
teams were s e t  up t o  examine: agr icul ture ,  landscape, t e r r e s t r i a l  
ecology and recreation. Authority s t a f f  studied the hydrology and r ive r  
ecology, whilst  the  engineering s tud ies  and overa l l  management of the  
Study were carr ied out by consultants. 
By l a t e  1978, forecast  demand was 2 530 M l /d  for  1981, r i s ing  by 410 M l /d 
t o  2 @a0 M l /d  i n  2001. Currently tho avai l#ble  supplies are 2 960 M l /d. 
Local developments on a small sca le  w i l l  be required, but it i s  unlikely 
tha t  a major scheme w i l l  be required during the next 20 years,  unless a 
s ign i f ican t  upsurge i n  population o r  i ndus t r i a l  demand were t o  occur. 
Present interact ions  
Whilst t he  Environmental Appraisal i den t i f i ed  the  issues  associated with t he  
major developments, the dramatic fa l l -off  i n  consumption of water means t h a t  
the topics which should concern us most over t he  next decade are those 
associated with the interact ions  caused by ongoing a c t i v i t i e s .  
A l l  land use whether i t  be urban development o r  moorland gripping in t e r ac t s  
w i t h  the  hydrological cycle, and causes a change i n  the quanti ty and qua l i ty  
of Water discharged t o  streams or  recharged t o  underlying aquifers. Many 
of these changes are of themselves small and may take years, even decades. 
t o  become apparent. 
Increased ra tes  of drainage occur from impermeable urban areas,  by 
improvements t o  agr icu l tura l  land, and from pre-afforestation ploughing and 
moorland gripping. Each of these lead t o  f a s t e r  and larger  r i s e s  i n  flood 
runoff with a grea te r  r i sk  of flooding and consequential need fo r  addit ional 
flood a l lev ia t ion  works. Protection of one community by enlarging the 
r i ve r  channel, as i n  Kendal, o r  by the construction of flood embankments 
PreVentS the use of the na tura l  storage i n  the flood p la in  and, whilst  
these works may solve one community's problems, they could exacerbate 
another problem lower down the r i v e r  system unless designed and constructed 
with care. 
Land treatments lead t o  other changes often more subt le  thau those brought 
about by physical  works. Applications of f e r t i l i s e r s  can lead t o  
enrichment of waters. Where these are  already very productive, the  
s ignif icance may be small. However, the  impact of small amounts of 
phosphate could have major impact on oligotrophic upland reservoirs causing 
a lga l  blooms and requiring more complex and expensive treatment processes 
than heretofore.  But the fishery of the  reservoir  might be improved. 
The weed growth i n  r ivers  have e f f e c t s  on land drainage and maintenance 
costs.  In some par t s  of t he  country concentrations of n i t r a t e  nitrogen 
are  already close t o  the World Health Organisation (WHO) l i m i t  of 
acceptabi l i ty  f o r  raw waters intended for  human consumption. The 
movement of herbicides and pest ic ides ,  e t c  through the s o i l  and i n t o  waters 
is obviously of v i t a l  concern where drinking water supplies are involved. 
A complete change of land use such as the  afforesta t ion of upland moorlands 
introduces addit ional e f fec t s .  A loss  of water by increased interception 
and t ransporta t ion losses imposes addit ional production costs  on the Water 
Authority,since the loss  has t o  be made good from now sources which usuall$ 
require expensive pumping and more complex treatment processes. Qmges 
i n  water temperature and pH can adversely affect  the f ish populations M 
can the s i l t a t i o n  of gravels used f o r  spawning, t h i s  l a t t e r  ~CCUrring u 
a d i rec t  Consequence of the pre-planting ploughing which lea& t o  erosion 
and higher levels of suspended matter, organic8 and solatos  i n  the  water. 
Though s i l t a t i o n  is frequently a major fac tor  i n  tho l i f e  of resorvoim 
.broad, i t  ha8 t o  date rarely been s igni f icant  f o r  Br i t i sh  rosorpoirs. 
This r e v i w  of some aspects of land use which in t e rac t  with Water Authority 
j n t e n s t s  h u  inevitably been sketchy, but indicate8 tho rango Of 
a c t i v i t i e s  t h a t  are  affected by and af fec t  l m d  w e  mM8pwnt planning. 
I b s o u c h  roauirenmts and opportrmitiem 
Wetness is a major resource i n  the B r i t i l h  upland.; f u n m ,  f o n s t o m  ~d 
t o u r i s t s  f igh t  i t ,  but water 8upply t o  Brit.in.8 tom8 and indtmtrios 
depend. on it. I t  is inevi table  tha t  modem wthod.  of land i.(proP...lrt 
%atorfern with the assumptions about both quantity and qual i ty  of up1-d 
supplies which were mado by reservoir oporatora i n  tho days Of sod-na tura l  
'moorland' catchments. Change of crop height h u  a hydro-utoorologioal 
e f fec t ,  drainage a l t e r s  tho extromes of flood m d  drought, n u t r i w t e  fmrr 
a b y  a re  poured on and run of f ,  rodiments from land disturbed fo r  tho tint 
tin sinco tho Neolithic timos movo gradually down rim?. 
Tho I n r t i t u t e  of Bydrology h u  mado tho following oonclusloar b u o d  on a 
*you catchmat  study i n  mid-Wales and nuorour  shor te r  0 r p . r i ~ t 8  
ols.rhoro i n  upland Britain: 
1 &-go from abort, wild &rum t o  conifor8 i n  a high r a i n f a l l  area 
-10s tho loss  of water v ia  evaporation troll intormptod water. 
1 OPon ditch drainage during ground p n p u a t i o s l  quadruples (a t  
lo88t) tho y i e ld  of graval urd our ha l f  the  tin8 t o  p.ak o i  
flood.. 
3 Heturo fores t  cover load.  t o  cooler and more 80iQ s tnuu  w i t h  
f m o r  invortobrator and f ish.  
4 P r t u r e  isprovownt which employs d r d n a p  and applioatioa of 
n i t r a t e  f e r t i l i a o r s  load8 t o  temporary ( rouonal )  peaks Of n i t r a t e  
nmoff;  thoso aro above rooo@nisod water qual i ty  r t ~ d 8 r d 8 ,  but 
rooovory oocura t o  a pormimsiblo but hi&ror baokgrotmd. 
Research requirements f o r  the 1880s include: 
1 The expression of the  I n s t i t u t e ' s  r e su l t s  i n  forms which are  more 
d i rec t ly  useful t o  water engineers a t  the  r i ve r  basin scale .  
2 Hydrometeorological s tudies  of wild vegetation other than short  
grass (eg heather, bracken) and of precipi ta t ion f a l l i n g  as snow. 
Both are important fo r  Scotland where the bulk of a f fores ta t ion  
before the end of the century w i l l  occur. . 
Research opportunities include: 
1 Extension of research, especially on water qual i ty  and aquatic 
l i f e  t o  upland stream6 which do not en te r  reservoirs but are  of 
key importance t o  f i she r i e s  o r  t o  t he  use of r ivers  f o r  nature 
conservition . 
2 During the 1980s, much of Br i ta in ' s  between-the-wars t r e e  plantings 
are t o  be harvested; research i n t o  t he  impact of t h i s  major chauge 
is required on a wide range of s i t e  types and harvesting techniques. 
Final ly ,  the most int r iguing yet  l ea s t  hopeful research avenue would be a 
multidisciplinary environmental/economic and soc i a l  invest igat ion of the 
uplands. No government's a t t i t ude  haa encouraged optimlsm on t h i s  topic;  
single-agency par t i san  reactions t o  the findings of environmental research 
are  l ike ly  t o  continue. 
SUMMARY OF DISCUSSION 
D J J Kinsman 
Pressures on upland areas include par t icu la r ly  a f fores ta t ion ,  deforestation 
and pasture improvement - a l l  predominantly t e r r e s t r i a l  deve1opmer.t~. 
However, a major 'harvest '  from our uplands i s  water, i n  large quant i t i es  and 
generally of a nigh qua l i ty .  I t  should be remembered t h a t  nearly a l l  
t e r r e s t r i a l  a c t i v i t i e s  i n  uplands w i l l  have a 'knock-on' e f f ec t  on aquatic 
systems changing quant i ta t ive  and/or qua l i t a t i ve  aspects of the water 
rc180urce. 
We a l l  use water extensively. The 'Water Industry'comprises a variety of 
organisations , principal ly  i n  England and Wales, the regional Water 
Authorities and i n  Scotland, Regional Councils and the  River Puri f icat ion 
Boards. The Natural Environment Research Council (NERC), through i ts  
component i n s t i t u t e s  and grant-aided associations,  has pa r t i cu l a r  
responsibi l i ty  fo r  research on t e r r e s t r i a l  and freshwater environments. The 
I n s t i t u t e  of Te r r e s t r i a l  Ecology (ITE) has especial  responsibi l i ty  for  
t e r r e s t r i a l  research. Freshwater research is car r ied  out by th ree  
laborator ies  - water quanti ty by the I n s t i t u t e  of Hydrology ( I H ) ;  water 
qual i ty  and biology qainly by the Freshwater Biologics1 Association (FBA). 
although I H  ca r r ies  out some water qua l i ty  research and ITE also incorporates 
a small freshwater research uni t .  This mult i - ins t i tute  approach has proved 
valuable as d i f fe ren t  research s k i l l s  can be brought t o  bear on the often 
broad problems of t he  freshwater environment. In  addition, the Water 
Research Centre, financed mainly by t h e  Industry, i s  act ive i n  a l l  areas 
r e l a t i ng  t o  water supply, use and disposal. 
Our f irst  spcrker  w a s  D r  P e t e r  Walsh of t h e  North West Water Authority 
(NWWA), r ep r t sen t ing  'user '  i n t e r e s t s .  I have s e l e c t e d  a few of h i s  comments 
below: 
1 The hagional  Water Author i t ies  a re  l a r g e  undert*ir.gs, with a broad 
range of r e s p o n s i b i l i t i e s ;  fou r  of t h e  WAS (N'#WA, Northumbrian Water 
Authcri ty,  Yorkshire Water Authority and t h e  Welsh Water Authority) 
have extens ive  areas  of uplands, as do a l l  t h e  Sco t r i sh  River  
P u r i f j  ca t ion  Boards. 
2 Technica l ly ,  we can do almost anything,  bu t  a t  a c o s t ;  f o r  example, 
we could make wa te r t igh t  t i p  s i t e s ,  o r  d i s t i l  massive amOUntS of 
sea-water,  bu t  a t  a cos t  t h a t  our  s o c i e t y  would no t  be prepared t o  
pay. 
3 The WAS ha're a growing problem wi th  t h e  amount of sewage sludge 
produced; a t  present  some sludge is dumped a t  sea .  Would sludge 
app l i ca t ion  be a f e a s i b l e  s t r a t e g y  f o r  upland pas tu re  improvement? 
What would ?e t h e  e f f e c t  on water  q u a l i t y ?  
4 Treatment c c s t s  could r i s e  considerably i f  upland management 
a c t i v i t i e s  cause d e t e r i o r a t i o n  i n  wa te r  q u a l i t y  of upland waters .  
5 Many of t h e  d.,cisions t o  be made by the  WAS r e q u i r e  a good 'data-  
base '  and an wders t and ing  of t h e  fundamental processes ,  which a r e  
e i t h e r  no t  ava. l a b l e  o r  inadequate. 
6 The Vic tor ian  w.lter engineers  put  g rav i ty  t o  work i n  t h e  design of 
t h e i r  water  s u p ~ l y  systems - good q u a l i t y  upland vikter was d i r e c t e d  
t o  t h e  l a r g e  c i t i e s  and waste water  flowed from t h e  c i t i e s  t o  t h e  
e s t u a r i e s  and the  sea .  More r ecen t ly  we have developed lowland 
water  s u p p l i e s ,  which depend on pumping. Energy c o s t s  a r e  growing, 
both f o r  supply and treatment  - w i l l  t hese  c o s t s  dr ive  us back t o  
g rav i ty  driven upland water  resources i n  t h e  fu tu re?  
7 There a re  obviously competing a c t i v i t i e s  i n  t h e  uplands and t h e r e  
must be some l o c a l  and/or n a t i o n a l  trade-off between these  p o t e n t i a l  
developments. 
Our second speaker was D r  Malcolm Newson of t h e  NERC I n s t i t u t e  of Hydrology, 
Who spoke p a r t i c u l a r l y  from h i s  background of many years  of research  a t  t h e  
Plynlimon experimental  catchment i n  Wales. Here, t he  I 3  have instrumented 
catchments which a r e  f o r e s t e d  o r  grass land and t h e  research  has demonstrated 
t h e  e f f e c t s  of some f o r e s t  p r a c t i c e s  on the  q u a l i t y  and q u a n t i t y  of water  
output  : 
1 The major e f f e c t  of t r e e s  on the  water  budget i s  n phys ica l  o r  
meteorological  e f f e c t  - t h e  t r e e s  i n t e r c e p t  p r e c i p i t a t i o n  very 
e f f e c t i v e l y .  The major r o l e  of t r e e s  is  not a phys io log ica l  One 
involving  inc reased  t r a n s p i r a t i o n  l o s s e s .  
2 The c l imate  of t h e  UK uplands i s  r a t h e r  d i f f e r e n t  from t h a t  of 
many temperate f o r e s t  a reas  aiound t h e  world and t h i s  l i m i t s  t h e  
value and a p p l i c a t i o n  of s t u d i e s  c a r r i e d  ou t  elsewhere. The U'K 
upland p r e c i p i t a t i o n  is  predc:minantly as  d r i z z l e  and t h i s  i s  
readily intercepted by the t r e e  canopy. We need comparable 
research i n  other climates (eg par t s  of Scotland where s n a  is 
u, important precipi ta t ion component). , 
3 A t  Plylimon the unimproved grassland catchment s h w s  an average 
evapo-transpiration loss  of -400 m/yr; a d j u e n t  forested 
catchment has a loss  of -850 W y r .  Other vegotatiosr types 
such M heather moor need t o  be examined. 
4 One e f f ec t  of land drainage in  the upland; is t o  change the  shape 
of t h e  flood hydrograph - the  flood peak is d a n c e d  and occurs 
e a r l i e r .  Another e f fec t  re la tes  t o  sediment output i ron  
catchments - values are  increased 4-5 times. 
5 Stream6 i n  areas of d i f fe ren t  vegetation may have very different  
animal populations. A reconnaissance study a t  Plynlimon shoved 
forested streams t o  contain very few f i sh  - why is this? 
Temperature and increased acidi ty  are two possible causes. 
Our d iscwsian  session aimed a t  identifying research areas,  but we did not 
make too much progress. In response t o  the questton - 'Do we need more 
s e a r c h ?  one answer was tha t  communications between the interested p u t i e s  
were not what they might be and should be improved. The role  of 
deposits w a s  discussed a t  some length; it w a s  pointed out t h a t  peat 
hydrology wsa a neglected research f ie ld .  future  upland afforestation 
m r u t  include major peat areas w e  s h a l l  surely need t o  r ec t i fy  t h i s  omission. 
In England a d  Wales reduction of water quantity from the uplands w i l l  a f fect  
water supplies only. But i n  Scotland hydro-electric generation w i l l  a l so  
be affected. The overestimation of population growth and the current 
economic climate have cosnhined t o  produce, i n  general, a s i t ua t ion  of 
adequate supply, both of water and e l ec t r i c i ty .  W e  should take advantage 
of t h i s  breathing space and not become complacent about future  needs. 
An important point w a s  ra ised concerning, spec i f ica l ly ,  t h e  appl icabi l i ty  of 
the  Plynlimon data t o  other s i t e s .  Were these r e su l t s  l ike ly  t o  apply i n  
Scotl.nd, f o r  example? There seemed t o  be a user group arguing tha t ,  t o  be 
relevant, research needed t o  be carr ied out on the  s i t e s  of spec i f ic  
i n t e re s t .  There seemd t o  be misunderstanding of s flmdrwntal tenet  of 
s c i e n t i f i c  research, i e  t ha t  sesearch a t  a p a r t i c u l u  s i t e  should enable us 
t o  understand the fuudamental processes involved and should enable us t o  
generate a working model; t h i s  model w i l l  describe t h i n p  i n  general terms 
and should be transferable t o  other s i t e s  where it can be fine-tmed t o  local  
vegetational, meteorological and other  variables. Problem are  rarely,  if 
ever, ~ i q u e  i n  time and space - your problem could very w e l l  be solved by 
research a t  Plynlimon, even though you are  employed by North West Water 
Authority I 
One questioner asked 'What is a t  stake?' Should we not attempt t o  determine 
tke r e l a t ive  values of upland products?' This m i g t  be f a i r l y  readily done 
f o r  the tangible products such as t rees ,  lamb c u t l e t s  and water, but would be 
much more d i f f i c u l t  fo r  the l e s s  tangible products #uch aa amenity and 
recreation rue. However, it would surely be weful tor us t o  pursue a Cost- 
benefi t  analysis fo r  upland usage. 
Considerable discussion centred around s i l t a t i o n  i n  reservoirs marginal 
t o  uplands. In general, the  low r a i n f a l l  intensi ty  in  the UK upland. 
lead. t o  l o w  erosion rates .  However, upland catchment management 
pract ices  u e  l ike ly  t o  be the major control on s o i l  and peat losses. 
1 We probably dwelled on quantity aspects too much i n  our 
discussion; water qual i ty  e f f e c t s  of upland management 
practices need more consideration. 
1 The spectrum of 'users '  of our uplands i s  broad and an 
evaluation of cost-benefit r a t i o  of various combinations 
of use needs t o  be pursued. 
3 . We did engage i n  a debate between users and researchers and 
t h i s  i n  i t s e l f  was valuable. I would hope the debate 
continues beyond t h i s  meeting. 
4 We did not come up with a p r io r i ty  list of research topics 
but several  can probably be sor ted from the debris and 
flotsam of our discussions: 
i Impact of upland land 'improvements' and applications 
of f e r t i l i s e r s  t o  fores t  areas on water supplies and 
downstream water qual i ty .  
i Studies of land use change t o  forestry from vegetation 
other  than grasslands. 
iii Management t o  control erosion. par t icular ly  of peat 
areas. 
i v  Impact of harvesting of fores t  crops - c lear  f e l l i ng  - 
on water qual i ty .  
v Environmental, economic o r  soc ia l  issues,  including 
analysis of costs and benefi ts  involved i n  upland 
land management. 
6 DEVELOP?&IENTS IN UPLASD AGRICULTURE 
INTRODUCTORY COMMENTS 
M J S Floate 
The h i l l  farming industry 's  posit ion with regard t o  possible developments 
i n  the  coming decade i s  not one tha t  I can claim t o  represent, but as a 
member of the  H i l l  Farming Research Organisation I can perhaps o f f e r  SOU0 
suggestions as t o  what some of the  research needs might be i n  re la t ion  
t o  possible agr icu l tura l  developments. In  t h i s  context I would point 
out t ha t  much of our work can be regarded as ecological i n  nature because 
we are concerned with the inter-re la t ionships  between s o i l s ,  plant. and, 
i n  our case,  production animals: viable agr icu l tura l  systems must be based 
on sound ecological  pr inciples .  There a r e  many topics  of ecological  
i n t e r e s t  i n  upland areas: I intend t o  deal with some of those which e i t h e r  
have a d i r ec t  bearing upon agr icul ture ,  o r  which arise as a re su l t  of 
agr icu l tura l  development. 
A s  a matter of def in i t ion ,  I assume tha t  'upland agr icul ture '  r e f e r s  t o  t he  
use of mainly unenclosed and unimproved land f o r  pastoral  farming, and t h e  
following remarks r e l a t e  t o  t h i s  form of land use - what I would c a l l  
' h i l l  farming' and which is d i s t i n c t  from 'upland farming', which includes 
the use of much more enclosed and ileproved land. Upland farming has i t 8  
own kinds of problems which may be s imi la r  t o  some lowland problems; the 
problems of h i l l  farming have a la rger  component a r i s ing  from the 
significance of indigenous pasture resources i n  production systems. 
'Ecological' a lso requires def ini t ion - t o  me it means pertaining t o  
ecology, which i s  the s c i e n t i f i c  study of the inter-re la t ions  between 
l iving organisms and both the physical and b i o t i c  factors  i n  t h e i r  
environment. Many of the  ecological  questions I r a i s e  are  not new, and 
are already par t  of the work of ITE o r  of HFRO: what I am suggesting i s  
tha t  we should examine t h e i r  r e l a t i ve  importance, and the need t o  pursue 
some questions i n  more de t a i l .  
External influences on agr icu l tura l  develo~ment 
Both economic and p o l i t i c a l  fac tors  are  l ike ly  t o  have a major influence 
on the direct ion and extent of change i n  h i l l  farming i n  the  l9SOs. I t  
i s  impossible f o r  me to attempt t o  forecast  the  n e t  r e s u l t s  of in te rac t ions  
between the various influences which may include: increasing Costs of 
labour, energy and t ransport  nnd t h e i r  re la t ionship t o  product pr ices;  
the changing demand f o r  food commodities within the EEC; p o l i t i c a l  and 
s o c i a l  decisions which affect  the balance of farming, fores t ry ,  r e c r e a t i ~ n ,  
water catchment o r  other forms of land use, and the consequences Of 
p o l i t i c a l  decisions regarding taxation,  subsidies. and grant schemes which 
have a major impact on farmers' and landowners' decisions. Whatever tho 
outcome it seems l ike ly  t o  me tha t  agr icu l tura l  developmant may proceed i n  
e i t h e r  of two contrasting direct ions  - in tens i f ica t ion  of selected are- - 
o r  extensif icat ion.  
Ecological questions relevant t o  agriculture 
The in tens i f ica t ion  of selected areas only happens u a resu l t  of deliberate 
choice and ecological knowledge could contribute t o  the choice of the most 
su i tab le  areas, although a variety of other  factors  are a l so  important. 
Land use capabili ty mapping provides useful information about the  permanent. 
l imitat ion of s o i l s ,  but does not provide any assessment of t h e i r  potent ia l  
o r  the extent of those temporary l imitations due t o  vegetation, s o i l  
acidity o r  nutrient supply. Information on these l imitat ions should be 
available and we need more information on the leve l  of nu t r i t ion  afforded 
by different  communities a t  various seasons of the year, the response of 
these communities t o  known levels of u t i l i za t ion ,  and how suscept ib i l i ty  
varies w i t h  season. Information is also needed on the re la t ive  responses 
of different  s o i l  and vegetation types t o  varying degrees of improvement, 
and on the factors  controll ing the degree of response. 
The following are a few examples of other relevant topics which may be 
amenable t o  experimental research: 
1 Can we ident i fy  the mechanism which control p l a t  suscept ib i l i ty  
t o  grazing? 
2 Is in te rna l  re-distribution (cycling) of nutr ients  m example of 
such control? 
3 What character is t ics  can be used t o  predict  the capabili ty of 
s o i l s  and plant communities t o  respond t o  improvement? 
4 m a t  factors  control t h e  populations of decomposer organisms i n  
so i l s ?  
5 What are the feeding values of different  plant communities fo r  
deer? 
In the wider context of integrat ing the w e  of resources i n t o  Piable sys tem 
of agr icul tural  production, Hodgson and Grant (1981) recently summarised the 
requirements: 'Objective information is still  needod on the way i n  Which 
variation i n  <a)tbe re la t ive  proportion of different  c o ~ u n i t i e s  and 
different  animal species and (b) the seasonality and efficiency of g r ~ i n g  
in te rac t  with one another t o  influence production on a farm scale ' .  
Ecological questions relevant t o  'agro-forestry' 
There may be opportunities i n  some areas fo r  the  development of systems Which 
involve the closer  integration of farming and forestry.  This nay take the 
form of a l locat ion of sheep (or ca t t l e )  m d  t rees  t o  separate land arew.  O r  
i t  may involve the mutual sharing of the  same land area a t  stocking 
densi t ies  which would be sub-optimal fo r  sheep o r  t rees  separately,  but 
which together could produce an advmtageom combined output. 
There are  many questions of an ecological nature,  whose answers might help 
i n  the allocation of resources t o  such schemes of integration, o r  which 
could contribute t o  improved management, through b e t t e r  rmderrtanding of 
interactions.  
Examples of such questions might include: 
1 What s o i l  and vegetation types a re  b e t t e r  su i ted  t o  intermixed 
trees/grassland, and which types cra more appropriate t o  t r e e  
planting alone? 
2 What are the e f f ec t s  of she l t e r  - on pasture growth within a 
wooded area, on pasture growth i n  the v ic in i ty  of a s h e l t e r  
b e l t ,  and on animal behaviour? 
3 What antagonisms o r  mutual benefi ts  may a r i s e  among mycorrhizal 
populations appropriate t o  pastures and forests? 
4 Are pasture N-cycles which depend on N-fixation by legum/rhisobi8 
compatible with forest  N-cycles? 
Ecological consequences of in tens i f ica t ion  
Intensif icat ion could take the form of w i d e r  implementation of '2-ppcltw1 
systems of farming, o r  the development of selected areas with conseqWnt 
abandonment of others, e i t h e r  on a regional o r  individual farm scale .  
These developments may have consequences of an ecological nature e i t h e r  
for  the  agr icu l tura l i s t  o r  fo r  the  other  kin& of resource users. The 
following are  some examples of ecological question8 which m ~ g  b e e  
intensif icat ion:  
1 Land improvements on the b e t t e r  s o i l  types may lead t o  an 
exaggeration of the  differences between sites of higher and 
lower output : 
i. What is t h e i r  ecological importance as habi ta t s  fo r  
other organisms? 
ii. What natural  processes tend t o  reverse t h i s  trend? 
2 Pasture improvement should be accompanied by en increase i n  stock 
numbers; w h i l s t  t h i s  may not  a f fec t  the  t o t a l  number of grazing 
days on unimproved areas, it w i l l  be necessary t o  determine the  
ecological consequences of changed seasonal pat tern of grazing. 
3 What factors  control r a t e  of water use by d i f fe ren t  plant 
communities, and how does pasture irmprovement a f fec t  s o i l  
moisture s ta tus?  
4 What i s  the e f f ec t  of land improvement on populations of wor~M, 
moles, e t c  i n  s o i l ,  and t h e i r  e f fec t  on organic matter turnover 
rate? What are the ind i rec t  e f fec ts  on other members of the food 
chain? 
5 If  more remote areas cease t o  be rued for  grazing, what w i l l  be the 
ecological consequences, and what altern8tiv-e forms of management 
might be possible? 
E c o l o ~ i c a l  consequences of extensif icat ion 
Extensification could be described M hil l - land ranching. It is the 
consequence o f ,  and the only farming system possible as a r e su l t  of 
reducing farm labour, and decreasing the  extent of colrtrol the  farmer has 
over h i s  grazing animals. Some of the ecological qwstioxu which may 
a r i s e  from t h i s  process include: 
1 Reduced grazing control allows animals to. express grazing 
prefetences and hence concentrate on preferred types i n  a matrix: 
a t  what stocking r a t e  do these preferences incur r i sk  of damage 
o r  erosion, and how do they r e l a t e  t o  the l imitat ions s e t  by 
animal nut r i t iona l  requirements? 
2 Extensification could lead t o  pasture 'deterioration'  and 
worsening drainage - what would be the Mnseqwnce on r a t e r  yield? 
3 'There are  differences i n  the nut r ien t  cycles under the low grazing 
on acid grassland, and under deciduous woodland with its deeper 
rooting character is t ics :  what e f f ec t  does t h i s  have on the 
nut r ien t  balance and s t a b i l i t y  of such conmunitiw? 
Questions re ta t ing  t o  changing land use 
Finally there  are a number of questions. whose answera would be of i n t e re s t  
t o  IIFRO, re la ted  t o  the consequences of chauging land use. Some eXPmple* 
include: 
1 What e f f ec t  does in tens i f ica t ion  have on r a t e  of nu t r ien t  release 
through weathering i n  s o i l ?  
2 What e f f ec t  does changing land me have on population of worms. 
dung beetles and nematodes, and how does t h i s  influence nut r ien t  
cycling rate? 
3 What are  the e f f ec t s  of f i r e  on different  vegetation communities? 
4 What is the re la t ive  importance of c l imat ic  change, cessation of 
cut t ing pract ices ,  burning and graaing on bracken dis t r ibut ion? 
In conclusion, I hope tha t  some of the topic8 I have raised w i l l  be 
considered more fu l ly  i n  discussion, and tha t  together we can Consider t h e i r  
r e l a t ive  importance i n  ecological research, and how best  t o  deal with t h m e  
questions which are amenable t o  an experimental approach. 
INTRODUCTORY COWNTS 
'Ecology is now sex, motherhood and goodness but tomorrow the  operat ic  s t y l e  
of our society might turn our paragon i n t o  whore o r  harridan. The isnue 
fs brought i n t o  sharp focus by the  c a l l  f o r  ur input of ecology i n t o  
agricul ture  and farming f o r  i f  we respond uncr i t i ca l ly  o r  unenthusiastically 
the  po ten t ia l  soc ia l  and s c i e n t i f i c  significance of our ecology w l l l  be 
l o s t . '  (adapted from Holling 1975) 
I t  is t rue  t h a t  as ecologists we have a shared in t e r e s t  with agriculture i n  
organisms and i n t e r r e l a t i o n s  i n  the problems of l imi t s  as affect ing 
s t a b i l i t y ,  optimality and production. But have ecologists any predictive 
powers i n  these f i e l d s  (indeed, have agr icu l tura l i s t s ! )?  We have general , 
qua l i t a t i ve  pictures;  we have some non-general models of some processes 
and a very few predict ive models. We have, hoyever, very few predictive 
models which include the important features of system h is tory ,  which is so  
v i t a l  i n  the uplands, w i t h  the  s p a t i a l  complexities which can so  
s ign i f ican t ly  a f fec t  the  s t a b i l i t y  properties of a system o r  indeed with 
the complexities posed by feedback loops. There is not even general 
agreement on how we should approach the study of such systems, l e t  alone 
achieve a predict ive ab i l i t y .  Ecologists should, therefore,  approach 
agr icul ture  with an exaggerated sense of ignorance, ra ther  than an 
overblown view of our knowledge. The implementation of policy and action 
i n  t h i s  f i e l d  bankrupts farmers, and one cannot explore abstract  n i ce t i e s  
t ha t  are never put t o  t e s t .  Do ecologists,  therefore ,  want t o  be involved 
i n  upland agriculture? 
I f  ecologists do wish t o  be involved (as ecologists and not imitation 
ag r i cu l tu ra l i s t s ) ,  what s t r a t eg i e s  do we need t o  follow? Do we predict  
changes i n  agr icul ture  and examine the ecological  consequences of t ha t ,  o r  
do we achieve predict ive powers i n  key ecological processes and use t h i s  
a b i l i t y  when we know what agr icu l tura l  changes have occurred? I believe 
the la t te r ,  since not only is t h i s  reducing our need f o r  prediction (always 
welcome!) but there is a t  l ea s t  some chance t h a t ,  with our shared 
i n t e r e s t s  i n  optimality and production, the  agr icu l tura l  s c i e n t i s t  can use 
our models t o  maximise production. This should be discussed, f o r  it has 
enormous importance i n  determining exactly what we do. 
Two processes seem paramount i n  the  uplands. Grazing, with i ts  temporal, 
s p a t i a l  and ultimately economic e f f e c t s ,  and decomposition with i ts  e f f ec t s  
on s o i l  development and, through nut r ien t  re lease  processes, on production. 
I t  is arguable tha t  a l l  o ther  processes are secondary t o  these i n  the 
uplands, and indeed act  through them. Predictive a b i l i t y  and general 
understanding of these processes should pay enormous dividends. 
The grazing process is clear ly  the  key t o  current land use over most of the  
uplands, and indeed i n  the uplands we have a pastoral  system i n  i t s  main 
ecological  features l i t t l e  changed s ince  the i ron age. (Should t h i s  be so  
o r  should attempts t o  improve the u t i l i s a t i o n  of the  semi-natural pastures 
be made, ra ther  than attempting t o  change them i n t o  lowlands?) The major 
feature  of the grazing process i n  t h i s  pr imit ive system i s  of a var ie ty  of 
general is t  grazers (2 species usually) se lec t ing  within ample, but low 
qua l i t y ,  food. What determines t h i s  selection? What s t ra tegy is  used? 
I s  there a d i f fe ren t  process a t  work a t  t h e  d i f fe ren t  sca les  of selection? 
I s  the process optimised o r  can we intervene o r  change the objective 
function? The Rosetta stone i s  a general mathematical model of the grazing 
se lec t ion  process - w l l l  we ever f ind it? 
Although there  are  some l inks  between the grazing, defaecation process and 
decomposition (how strong are  these l inks?) ,  i t  i s  best  t o  accept them as 
separate exercises fo r  the  not very good reason t h a t  they are usually 
examined by d i f fe ren t  spec i a l i s t s .  The production/decomposition r a t i o  i s  
c ruc ia l  t o  the  s t a b i l i t y  and res i l i ence  of upland agr icu l tura l  systems. 
agricul ture  and farming f o r  i f  we respond uncr i t i ca l ly  o r  unenthusiastically 
the  po ten t ia l  soc ia l  and s c i e n t i f i c  significance of our ecology w l l l  be 
l o s t . '  (adapted from Holling 1975) 
I t  is t rue  t h a t  as ecologists we have a shared in t e r e s t  with agriculture i n  
organisms and i n t e r r e l a t i o n s  i n  the problems of l imi t s  as affect ing 
s t a b i l i t y ,  optimality and production. But have ecologists any predictive 
powers i n  these f i e l d s  (indeed, have agr icu l tura l i s t s ! )?  We have general , 
qua l i t a t i ve  pictures;  we have some non-general models of some processes 
and a very few predict ive models. We have, hoyever, very few predictive 
models which include the important features of system h is tory ,  which is so  
v i t a l  i n  the uplands, w i t h  the  s p a t i a l  complexities which can so  
s ign i f ican t ly  a f fec t  the  s t a b i l i t y  properties of a system o r  indeed with 
the complexities posed by feedback loops. There is not even general 
agreement on how we should approach the study of such systems, l e t  alone 
achieve a predict ive ab i l i t y .  Ecologists should, therefore,  approach 
agr icul ture  with an exaggerated sense of ignorance, ra ther  than an 
overblown view of our knowledge. The implementation of policy and action 
i n  t h i s  f i e l d  bankrupts farmers, and one cannot explore abstract  n i ce t i e s  
t ha t  are never put t o  t e s t .  Do ecologists,  therefore ,  want t o  be involved 
i n  upland agriculture? 
I f  ecologists do wish t o  be involved (as ecologists and not imitation 
ag r i cu l tu ra l i s t s ) ,  what s t r a t eg i e s  do we need t o  follow? Do we predict  
changes i n  agr icul ture  and examine the ecological  consequences of t ha t ,  o r  
do we achieve predict ive powers i n  key ecological processes and use t h i s  
a b i l i t y  when we know what agr icu l tura l  changes have occurred? I believe 
the la t te r ,  since not only is t h i s  reducing our need f o r  prediction (always 
welcome!) but there is a t  l ea s t  some chance t h a t ,  with our shared 
i n t e r e s t s  i n  optimality and production, the  agr icu l tura l  s c i e n t i s t  can use 
our models t o  maximise production. This should be discussed, f o r  it has 
enormous importance i n  determining exactly what we do. 
Two processes seem paramount i n  the  uplands. Grazing, with i ts  temporal, 
s p a t i a l  and ultimately economic e f f e c t s ,  and decomposition with i ts  e f f ec t s  
on s o i l  development and, through nut r ien t  re lease  processes, on production. 
I t  is arguable tha t  a l l  o ther  processes are secondary t o  these i n  the 
uplands, and indeed act  through them. Predictive a b i l i t y  and general 
understanding of these processes should pay enormous dividends. 
The grazing process is clear ly  the  key t o  current land use over most of the  
uplands, and indeed i n  the uplands we have a pastoral  system i n  i t s  main 
ecological  features l i t t l e  changed s ince  the i ron age. (Should t h i s  be so  
o r  should attempts t o  improve the u t i l i s a t i o n  of the  semi-natural pastures 
be made, ra ther  than attempting t o  change them i n t o  lowlands?) The major 
feature  of the grazing process i n  t h i s  pr imit ive system i s  of a var ie ty  of 
general is t  grazers (2 species usually) se lec t ing  within ample, but low 
qua l i t y ,  food. What determines t h i s  selection? What s t ra tegy is  used? 
I s  there a d i f fe ren t  process a t  work a t  t h e  d i f fe ren t  sca les  of selection? 
I s  the process optimised o r  can we intervene o r  change the objective 
function? The Rosetta stone i s  a general mathematical model of the grazing 
se lec t ion  process - w l l l  we ever f ind it? 
Although there  are  some l inks  between the grazing, defaecation process and 
decomposition (how strong are  these l inks?) ,  i t  i s  best  t o  accept them as 
separate exercises fo r  the  not very good reason t h a t  they are usually 
examined by d i f fe ren t  spec i a l i s t s .  The production/decomposition r a t i o  i s  
c ruc ia l  t o  the  s t a b i l i t y  and res i l i ence  of upland agr icu l tura l  systems. 
I s  a general model of any subt le ty  possible? How does i t  r e l a t e  t o  the 
community of s o i l  organisms? I s  t h i s  community of organisms an optimal 
one or can we intervene? What does intervention imply in  nut r ien t  terms? 
I s  the supply fixed i n  the short  and medium term, o r  can i t  be increased 
by f ixat ion and release? These questions cannot be answered by me, but 
it is necessary t o  know whether they can be reasonably answered by anyone. 
There remains the t e r r i b l e  prospect t h a t ,  i n  searching fo r  a strategy i n  
t h i s  way, we are wasting our time and limlted in t e l l ec tua l  capabili ty.  
Questions become more complex as s inple  ones are  answered, and general 
models have an uncanny habit  of f a i l i n g  when most needed. Perhaps the 
best  way fo r  ecologists is indeed t o  react  t o  short  term problem 8s posed 
by the agr icu l tura l i s t .  More l ihely an in t e l l i gen t  f lex ib le  
generalisation from spec i f i c  problew w i l l  be the answer which requires 
only current approaches and i d o u  developed i n  the 1SSOs and 1QBOs.  
Perhaps there i s  no ecolow of the  80s1 
SUMfdARY OF DISCUSSION 
1 The creat ion of e i t h e r  a land use policy o r  nat ional  guidelines would be 
helpful  i n  identifying p r i o r i t i e s  i n  ecological research. Any 
involvement of ITS i n  Land use pol ic ies  should be the provision of 
ecological information on land rue options o r  par t icu lar  combinations 
of land uses. Such information would be helpful t o  those involved 
i n  the p o l i t i c a l  area of decision making. This point had been implied 
by D r  Cedric Milner, who iden t i f i ed  the  need f o r  ecologists t o  ident i fy  
and study key ecological promnses s o  t h a t  a fund of information could 
be b u i l t  up. 
2 A more spec i f i c  area of study f o r  ITE i n  respect of land use 
combinstions would be agro-forestry. This seem t o  be accepted by a 
large number of 'users'  u a possible and desirable development i n  many 
ways, which a t  present i s  held baok not by lack of i n t e re s t ,  but by 
other  constraints (eg money, grant scheses, e t c ) .  
There seem t o  be a need fo r  more ecological information, especially 
where sheep and trees are  kept on the  same area. 
The relationship between sheep/trees, and both w i t h  s o i l s  needs t o  be 
studied. Are the myoorrhizal populatione associated w i t h  t rees  and 
pasture compatible? Hw w i l l  clover perform i n  open woodland? 
Perhaps some limlted information could be obtained by examining the 
evidence of paat agro-forestry practices? 
3 Energy from woodland wan  discussed and the point was made tha t  farm 
woodl~nds should not necessarily be a mirror image of large scale  
commercial foreetrg (eg meohonisation). 
4 The question W M  posed - ' I s  agriculture an appropriate use of land i n  
the uplands?' This is a relevant question but not necessarily i n  the 
COntelt of the  meting.  In respect of t h i s  question energy inputs and 
balances were mentioned on a number of occasions.  I t  should no t  
be  fo rgo t t en  t h a t  upland a g r i c u l t u r e  i s  a r e l a t i v e  low user  of 
f o s s i l  f u e l s .  The law o f  diminishing re tu rns  may indeed Suggest 
t h a t  inpu t s  i n t o  r e l a t i v e l y  low i n t e n s i t y  upland a g r i c u l t u r e  may 
produce b e t t e r  responses than f u r t h e r  inpu t s  i n t o  t h e  already 
i n t e n s i f i e d  lowland systems. 
5 The relevance of deer  farming was d iscussed  as  a means of 
d i v e r s i f y i n g  t h e  use of the  uplands. Associated research  could 
be  use fu l ,  although i t  is doubtful  whether l a r g e  s c a l e  deer  farming 
is l i k e l y  t o  be  important i n  nor thern  England i n  t h e  next 10 Years, 
e s p e c i a l l y  when t h e  p a t t e r n  and s i z e  of farms is considered,  along 
wi th  t h e  s u b s t a n t i a l  a reas  of common land.  
6 A l l  developments i n  land use involve  s o i l s  t o  some ex ten t .  There 
remain l a r g e  gaps i n  our  knowledge of upland s o i l s  i n  respect  of 
how d i f f e r e n t  s o i l s  w i l l  respond t o  changes i n  management and l and  
. improvement. 
The grazing-decomposition-nutrient cyc l ing  i n  upland s o i l s  needs a 
g r e a t  d e a l  of f u r t h e r  s tudy.  
What is t h e  r e l a t i o n s h i p  between earthworms and upland s o i l s ?  What 
r o l e  do earthworms p lay  i n  phosphate cycl ing? 
I n  r e spec t  of l and  improvement, we know how much f e r t i l i s e r  w i l l  
achieve improvement b u t  we a r e  less s u r e  how l i t t l e  i s  necessary t o  
maintain improvement. 
7 Much research  has a l ready been done. There is a need t o  ensure  t h a t  
t h e  information obta ined  reaches t h e  appropr ia te  u s e r ,  e i t h e r  d i r e c t l y  
o r  through h i s  advisers .  
8 Climate was b r i e f l y  r e f e r r e d  t o  as  having an over-r iding in f luence  
on many uses. There seems t o  be no  c lear -cut  agreement as t o  how 
c l imate  w i l l  change. Bearing i n  mind t h e  effect  t h a t  such changes 
would have on a g r i c u l t u r e ,  any research  l i k e l y  t o  he lp  t o  i d e n t i f y  the  
d i r e c t i o n  of such changes coula b e  very important .  
9 Two a d d i t i o n a l  p o i n t s  a r i s i n g  from D r  Mi lner ' s  paper  which may be  
r e l evan t  t o  ITE research  were: 
i Could reseeds with an ' eco log ica l '  mix have a p a r t  t o  
p lay  a t  h ighe r  a l t i t u d e s ?  
ii Are new p l a n t s  a p o a s i b i l l t y  (Arctic/Alpine types)? 
1 7 CONSERVATION, RECBEATIW AND AUBNITY 
- 
INTRODUCTORY COlllMENTS 
I D C Statham 
I User i n t e r e s t s  
There is a broad spectrum of users within t h i s  group. The conservation of 
I landscape and wi ld l i fe ,  though closely i n t e r r e l a t e d ,  can be regarded as discre te  a c t i v i t i e s  with c lear ly  defined objectives. Both are fundamental 
t o  the enjoyment of the uplands by those seeking recreation. 
I Recreationalists  range from the lone walker i n  search of sol i tude t o  r a l l y  drivers i n  internat ional  car  r a l l i e s .  There is a wide range of s p e c i a l i s t  
I a c t i v i t i e s  with varying demands and impacts on the environment. Some, such as car  rallying,  motor bike scrambling and water skiing,  are  noisy and intrusive,  though no doubt exhi larat ing f o r  the  par t ic ipant .  Others 
with a more d i r ec t  man/environment l ink  sucb as rock climbing, pony 
I trekking, biking and or ienteer ing have l i t t l e  impact unless concentrated over time and space. 
I The degree of impact appears t o  be i n  more o r  l e s s  d i r ec t  proportion t o  t he  degree of technological sophis t icat ion of these ac t iv i t i e s :  the  i n t e rna l  
combustion engine aad the  jet a t  one end of t he  sca le ,  t he  rambler a t  t he  
I other. 
User demands 
1 With such a wide variety of i n t e r e s t s ,  the resource demands are obviously 
diverse, but each group clear ly  seeks an environment optimal t o  the 
I enjoyment of i ts  ac t iv i ty .  Current a t t i tudes  assume tha t  recreational pursui ts  w i l l  normally const i tute  a secondary land using ac t iv i ty  and tha t  
conservation of both landscape and wi ld l i fe  w i l l  likewise take a subsidiary 
I place t o  primary economic a c t i v i t i e s ,  except over small areas. Thus, current governmental policy is based on the premise tha t  t he  basic  land using a c t i v i t i e s  of agr icul ture  and fores t ry  w i l l  largely determine the 
recreat ional  environment. 
1 However, agr icul ture  is i n  many respects a marginal ac t iv i ty  i n  the 
northern uplands and conservation and recreation demands are becoming more 
I dominant. Forestry has expanded and could do so  a t  an increased r a t e  i n  the  next few decades. There have been land management systems dominated by recreation i n  the pas t ,  eg hunting fores t s  i n  the middle ages, grouse 
I moors more l a t t e r l y .  Is there a case fo r  devoting la rger  areas primarily t o  recreation and conservation (= omenity) where agr icul ture ,  and perhaps forestry,  take anci l lary roles? The debate over the  Wildlife and 
Countryside B i l l  indicates  a trend i n  t h i s  direct ion,  especially the  
I amendments regarding the  broadening of c r i t e r i a  f o r  W F  grant.. - 
An economist would probably view the issue ra ther  dif ferent ly .  I s  
I 'conservation' becoming the consumer good i n  grea te r  demand than food o r  timber i n  t he  uplands? How w i l l  t h i s  trend express i t s e l f  on a land 
rianagement un i t  such as an owner occupied h i l l  farm? 
Ecological issues  
Given a scenario of a greater  mix of land using a c t i v i t i e s  i n  the uplands 
against a background of agriculture perhaps declining and forest ry  
expanding, where should p r i o r i t i e s  l i e ?  
The general depletion i n  wi ld l i fe  resources i n  the  lowlands and the 
changing trends towards an increased but more diverse use of the  uplands 
present opportunit ies fo r  diversifying and perhaps generally increasing 
wi ld l i f e  i n  the  uplands. There are  a lso opportunities f o r  landscape 
change. How can the ex is t ing  habi ta t s  of value such as heather moorlands 
best  be managed t o  s a t i s f y  changing needs? What are  the  ecological  
implications of agr icu l tura l  systems where l e s s  emphasis is placed on 
producing maximum numbers of stock as income is derived increasingly from 
o ther  sources? 
W i l l  attempts t o  f o s s i l i z e  landscape as circumstances change - eg by 
increasingly expensive management agreements t o  conserve typ ica l  pasture 
inbye o r  heather moorland-be j u s t i f i e d  ecologically? O r  are  there  other 
management systems which though changing landscape may benef i t  wi ldl i fe?  
In a period of change and uncertainty,  experimentation is needed on 
a l te rna t ive  management systems of representative blocks of upland t o  assess 
not only the  economic a l te rna t ives  but a l so  the ecological and landscape 
e f fec t s .  Experiment on a 'wilderness' area which would involve a 
cessation of commercial grazing would provide an in t e r e s t i ng  control  against 
which t o  compare other  management systems, but t h i s  i s  clear ly  a very long 
t e r n  operation. 
INTRODUCTORY COMbSENTS 
M D Hooper 
Upland ecology 
Possibly because of my lowland or ig ins ,  upbringing and experience, I am 
impressed by the  sever i ty  of the physical environment of the  uplands. I 
am a lso  impressed by the influence of topography i n  increasing o r  
ameliorating tha t  sever i ty  - the influence of slope aspect and angle upon 
ground temperature, the  length of t he  growing season, upon the l i g h t  climate 
and upon exposure t o  wind. In addition, I am impressed by the frequency 
of na tura l  catastrophes,  by erosion and by scree slopes. 
1 Higher uplands 
Hence, I think of the ecology of the  higher uplands i n  terms of 
open habi ta t s  w i t h  low leve ls  of biological  in te rac t ion  such SB 
i n t e r -  and in t ra -spec i f ic  competition. Therefore the naln research 
need i s  f o r  work on adaptation t o  the physical environment, 
especial ly  t o  f luctuat ions  i n  t ha t  physical  environment. It i s  a 
need fo r  physiological ecology probably linked with genetics and 
evolutionary iltudies. 
2 Lower uplands 
A t  lower a l t i tudes  w e  begin t o  f ind more closed communities - 
competition begins t o  be of significance.  But the physical 
environment i s  s t i l l  harsh and with added l imita t ions  Of s o i l  
and water factors.  I see  the lower uplands as areas dominated 
by s ing le  species - a s e t  of petty kingdoms where bracken, 
heather,  Sphagnq  Motinia, Nardus and cotton-grass rule.  
I t  is i n  t h i s  area  t ha t  economic exploi ta t ion of t he  land becores 
possible i n  terms of sheep, grouse, deer o r  trees. 
Conservation, recreation and amenity 
Here are a s e t  of human desires  i n  conf l ic t  with economic exploi ta t ion - 
mainly in  the lower uplands. A s  an ecologist ,  it i s  not my place t o  
evaluate human desires.  What I can o r  should be able t o  evaluate is the 
impact t ha t  management of the land t o  s a t i s f y  any par t icu la r  desire  w i l l  
have upon the  sa t i s f ac t ion  of other desires.  The ro le  is t h a t  of 
Environmental Impact Assessor. For example, there  is ?he poss ib i l i t y  t h a t  
bracken could be harvested annually or  biennially for  energy cropping. 
But what e f f ec t  w i l l  t h i s  have on the decomposers? I f  they too  are 
removed by t h i s  treatment, w i l l  the s o i l  lome i ts  poten t ia l  fo r  other  we8 
o r  indeod the continuation of braokan? 
A s imi la r  problem concerns newer whole t r e e  harvesting i n  fores t s  - w i l l  the  
s o i l  become depleted? These are a l l  environmental impact s tudies .  As 
ecologis ts ,  we must be aware of these questions, of t h e i r  kinds and 
q u a l i t i e s ,  Of t h e i r  possible e f f ec t s  on conservation, recreation and 
em0nity. But, as eoologists,  we provide answers t o  questions; we do not 
evaluate the  answers. The evaluation of answers sa t i s fy ing  human des i res  
muat be l e f t  t o  p o l i t i c a l  and sociological  methodologies. 
SUMMARY OF DISCUSSION 
Discuseion was introduced by M r  D C Statham, representing user i n t e r e s t s ,  
and D r  M D Hooper, representing the research s ide.  Summaries of t h e i r ,  
papers are given above and i t  is only necessary here t o  highlight t h e i r  
themes. 
M r  Statham questioned the aaeunption tha t  agr icul ture  and/or forest ry  
nhould bo considered the basic  land usen or upland. He suid t11uL 
unsubsidised h i l l  farming was not economically viable and tha t  i n  h i s  view 
the primary value of upland i n  the future could well be recreational.  He 
therefore thought we should explore a l te rna t ive  management systems which 
would provide 'what the  t o u r i s t  wanted' i n  landscape snd f a c i l i t i e s ;  open 
moorland wan the e s sen t i a l  feature cal led for. He would also l i k e  t o  see 
'wilderness areas ' created experimentally. 
D r  Hooper s e t  out the f i e ld s  i n  which he thought it proper f o r  the 
ecologis t  t o  contribute t o  serving the needs of upland user i n t e r e s t s .  
These were t o  invest igate  'what is there,  why i t  is there and what happens 
if you manipulate the regime'. He considered t h a t  the question 'so what?' 
f e l l  outside the realm of ecological research. He also f e l t  tha t  such 
research should not be directed towards the solution of spec i f i c ,  loca l  
problems, but should ra ther  be concerned with matters of pr inciple  of 
general application. Finally he made a p l ea  f o r  conservationists t o  move 
more i n t o  the f i e l d  of act ive management from tha t  of passive protection. 
Disappointingly, but perhaps not surpr is ingly i n  view of the  broad and 
ra ther  dif fuse nature of the  remit of the Group, the discussion which 
followed these introductions showed a notable absence of spec i f ic i ty  i n  
suggestions and recommendations. 
The concept of wilderness was explored and it was agreed tha t  Br i t i sh  
habi ta t s  had suffered too much modification f o r  it t o  be possible t o  
re-create an ' idea l '  na tura l  ecosystem and tha t  the  fur thes t  we could go 
would be t o  remove Man's influence aa f a r  as possible; the West Pennine 
Moors were suggested as a su i tab le  t r i a l  area. 
As t o  providing 'what the t o u r i s t  w a n t s ' ,  the  Group was not a t  a l l  sure 
what people do want, and while it w a s  agreed t h a t  objective investigation 
of t h i s  subject ive issue was desirable ,  there  was some doubt as t o  whether 
people kncw what they want, and even i f  they do, whether t h e i r  preferences 
W i l l  remain constant. I t  a l so  seemed c l ea r  t h a t  it might be ecologically 
impossible t o  provide an upland countryeide t a i l o red  t o  publ ic  spec i f ica t ion  
i n  view of the  dynamlc and se ra1  nature of most ecosystem. 
Attention was therefore turned t o  the  fundamental des i r ab i l i t y  of basing 
upland management on sound ecological  pr inciples  whatever the  management 
objective. In the  i n t e r e s t s  of both landscape and wi ld l i fe  conservation, 
comparative ecological  evaluation of d i f fe ren t  hab i ta t s  was important and, 
i n  carrying t h i s  ou t ,  the significanoe of habi ta t  in te rac t ion  and edge 
e f f e c t s ,  is mosaics, should be s t ressed.  I t  w a s  fu r ther  thought desirable 
t ha t  hab i t a t  and community re-creation should figure i n  s tudies .  Final ly ,  
the need t o  monitor management e f f ec t s  and t o  pass back t o  land managers 
the r e su l t s  of such work was emphasised. 
Thus, the  Group concluded t h a t  there  is scope f o r  ecological research i n t o  
ways t o  malntain and create  spec i f i c  habi ta t s ,  and t h a t  recreat ional  
aspirations are  worthy objects of study because recreation is an 
economically viable land use. However, i n  making recommendations, 
ecological  pr inciples  must not be ovmr-ridden. I t  w a s  f e l t  t h a t  we already 
have su f f i c i en t  f i s c a l  coercion and incentive t o  mould the environment 
as we w i s h  once we know what is wanted, but a t  present the  absence of 
integrated land use policy obstructs  implementation. 
8 SUMMARY 
ECOLOGICAL RESEARCE 
J N R Je f f e r s  
A t  the  beginning of t h i s  symposium, I asked fo r  the views of the  par t ic ipants  
on the research which ITE should do t o  ensure t ha t  the  Bacessary information 
was available t o  enable ra t iona l  po l ic ies  t o  be devised f o r  the  management 
of the rura l  environment i n  the 1980s and 1990s. In the course of the  
discussions during the symposium, there  have been many valuable suggestions 
which we w i l l  obviously wish t o  pursue. I t  i s  t rue ,  of course, tha t  some 
of these suggestions have already emerged i n  our own discussions, but it i s  
cer ta inly in te res t ing  t o  have these suggestions confirmed by those who have 
the  more d i r ec t  responsibi l i ty  f o r  po l ic ies  re la ted  t o  the ru ra l  environment 
and t o  land management. Clearly,  we should continue t o  have discussionS of 
t h i s  kind i n  order t o  ensure t ha t  we have the widest possible bas i s  fo r  our 
future  research policy. 
I t  is also c lear ,  of course, t h a t  there  is no poss ib i l i t y  t h a t  ITE could 
attempt t o  pursue a l l  of the research ideas which have emerged from t h i s  
symposium. Even if we t rebled the  s i z e  of the  I n s t i t u t e ,  we s t i l l  would not 
have enough resources t o  undertake a l l  of the  research which has been 
suggested as being relevant t o  t he  problem of the  1980s. There must, 
therefore,  be some select ion,  and ITE must concentrate on those topics  of 
research which are unlikely t o  be done by other  i n s t i t u t e s ,  o r  by 
univers i t i es  and polytechnics. There a re ,  I believe 3 d i s t i n c t  c r i t e r i a  
t o  a ld  i n  the  se lec t ion  of the  research which should be done by ITE as a 
posi t ive  contribution t o  t he  work which must be done by the s c i e n t i f i c  
community as a whole i n  t h i s  important f ie ld .  These c r i t e r i a  are as 
follows: 
1 ITE should concentrate on long term research, i e  research which 
l a s t s  f o r  more than 3 years ,  because the shor te r  term research 
can, i n  general, be done more readily by the un ivers i t i es  and 
polytechnics through t r a in ing  fo r  ?dSc and PhD post-graduate 
qual i f icat ions .  
2 IT% should concentrate on research which i s  essen t ia l ly  
multidisciplinary,  with s t a f f  from many d i f fe ren t  discipl ines  
working on the same long term project .  I t  is re la t ive ly  easy 
f o r  ITE t o  do research of t h i s  kind, and t o  ensure t ha t  the 
f u l l e s t  possible range of d i sc ip l ines  is deployed upon the 
research projects .  
3 ITE should undertake research which is geographically widely 
dispersed. With i t s  wide s c a t t e r  of research s t a t i ons ,  broadly 
covering every par t  of Br i ta in ,  i t  is possible for  ITE t o  do 
research of t h i s  kind both economically and e f f i c i en t ly .  
These 3 c r i t e r i a  w i l l ,  I bel ieve,  e f fec t ive ly  help t o  define the par t icu la r  
topicsr which are  most su i tab le  f o r  concentration by ITE. The c r i t e r i a  w i l l  
exclude many of the s i te -spec i f ic  proposals which have been madeat  t h i s  
symposium, and w i l l  tend t o  concentrate ITE's  research on broad regional 
and nat ional  problems, on fundamental research and on bas ic  ecological  
processes. 
There a r e ,  i n  addit ion,  3 ecological  c r i t e r i a  t o  guide the se lec t ion  Of 
ITE's research a c t i v i t i e s .  I would define these c r i t e r i a  as follows: 
1 Research which is concerned with the maintenance of e s sen t i a l  
ecological  processes and l i f e  support systems. In the  course 
of t h i s  symposium, we have already touched upon many of t he  
processes which are re la t ive ly  l i t t l e  understood, but which are 
nevertheless essen t ia l  i f  we are t o  understand the ways i n  which 
ecological systems function and the ways i n  which the systems 
can be maintained. 
2 Research which i s  concerned with the preservation of genetic 
divers i ty .  Again, our discussions have emphssisad the importance 
of divers i ty  and var ia t ion,  and of t he  maintenance of t he  genetic 
resources i n  ecological  systems. 
3 Research which emphasises the  u t i l i z a t i o n  of species and ecosystems 
sustainably,  as a bas i s  f o r  agr icul ture  and forest ry ,  as well  as fo r  
w i ld l i f e  conservation. Basic understanding of t he  ways i n  which 
the population dynamics of species and ecosystems operate i n  
na tura l ,  semi-natural and crop ecosystem is an e s sen t i a l  Criterion 
fo r  the  development of sound pol ic ies  fo r  the management of ecological 
systems i n  the  future.  
I emphasised, a t  the  beginning of t h i s  symposium, tha t  one e s sen t i a l  component 
of any applied research programme is the f e a s i b i l i t y  of par t icu la r  types of 
research. This f e a s i b i l i t y  determines the opportunities which ex i s t  i n  the  
development of research techniques. A t  t h i s  point i n  the  discussion, 
therefore ,  i t  may be helpful  i f  I out l ine  my own view of where research 
s t r a t eg i e s  can best  be developed and deployed t o  meet the  kinds of problems 
which have been outl ined i n  t h i s  symposium. In  ta lking about research 
s t r a t eg i e s  i n  t h i s  way, I w i l l  necessari ly adopt a somewhat olympian view of 
both research and ecology. ?here are,  i n  essence, 3 main s t r a t eg i e s  which, 
e i t h e r  s ingly o r  i n  combination, can be adopted by research sc i en t i s t s .  The 
f i r s t  of these s t r a t eg i e s  is t h a t  of survey, whereby the ex is t ing  var ia t ion is 
explored by modern sampling and survey techniques. I t  should perhaps be 
emphasised here  t ha t  there has been an enormoue and largely unexploited 
development of survey techniques, both i n  terms of sampling theory and i n  
terms of instrumentation and equipment, including tha t  of remote sensing by 
s a t e l l i t e s  o r  a e r i a l  photography. Survey is ,  therefore ,  one of t he  most 
important s a i e n t i f i c  developments which is r ipe  f o r  exploi ta t ion i n  the 1980s. 
The second s t ra tegy is tha t  of experimentation, whereby some of t he  var ia t ion 
is controlled i n  order t o  obtain more precise  information about some 
remaining pa r t  of the  va r i ab i l i t y  of ecological  systems. Again, there have 
been s t r i k i n g  developments of experimental theory, and of our a b i l i t y  t o  
analyse the r e su l t s  of experiments i n  order t o  achieve an understanding of the  
underlying processes i n  ecological systems. 
Final ly ,  there  is the s t ra tegy of simulation, whereby mathematical models are  
used t o  synthesise the var ia t ion which is observed i n  the f i e l d  and i n  
experiments so  as t o  obtain a conceptual understanding of the  underlying 
processes. This is yet  another of t he  important s c i e n t i f i c  advances by 
which we are able t o  use both computers and the new kinds of mathematics 
made possible by computers i n  order t o  develop mathematical models of 
ecological systems. I r ea l i s e ,  of course, tha t  t h i s  is an extremely 
unpopular subject  with most, i f  not a l l ,  of the  par t ic ipants  i n  t h i s  
symposium, but I have t o  say t o  you tha t  t h i s  is perhaps the most important 
f i e l d  of development for  the  future.  Modern mathematics, linked t o  the  
awesome power of the  computer, and par t icular ly  bf the  microcomputer, has 
given us the poss ib i l i ty  of s c i e n t i f i c  developments i n  the whole f i e l d  of 
ecology of which we could only dream even a few short  years ago. Of a l l  
the f i e l d s  r ipe  fo r  development, t h i s  is perhaps the most potent, and, 
somehow, resource managers, administrators and pol i t i c ians  must lose t h e i r  
f ea r  of mathematics and of computer models. 
There are  a number of d i rec t  applications of the  3 basic  s t r a t eg i e s  which 
I have outl ined above. For survey, f o r  example, the exploration of s o i l s ,  
vegetation, fauna, hab i ta t s  and land use, and the mapping of a l l  of these 
factors  is perhaps the most obvious. We sometimes assume t h a t ,  because 
Bri ta in  is a re la t ive ly  small group of is lands,  we already know a l l  t h a t  w e  
need t o  know about the  ru ra l  environment. Nothing, however, could be 
fur ther  from the t ru th .  Almost a l l  of t he  ecological research i n  
Br i ta in  has been done on about 15% of t he  t o t a l  area of Br i ta in ,  
concentrating on those places which are  ecologically in te res t ing ,  i e  the 
places where ecologists spend t h e i r  holidays, o r  the  places t o  which pa r t i e s  
of students are  taken f o r  t h e i r  bas ic  f i e l d  work. The r e s t  of Britain,  
because it is ecologically untidy, heterogeneous and apparently 
'uninteresting,  has been largely neglected. The first p r i o r i t y ,  therefore, 
must be t o  survey and map the remaining pa r t s  of the  country, t o  obtain a 
c l ea r  indication of what is there  and of t he  kind of changes which are 
taking place i n  the ecological systems. Much of the  emphasis, i n i t i a l l y ,  
w i l l  be on the production of maps, but ,  increasingly, the  information 
derived from surveys w i l l  be held i n  computerised data banks from which it 
is possible t o  construct c lass i f ica t ions  and models of the  ecology of the  
country as a basis  fo r  future  po l ic ies .  Some work has already been done 
along these l ines ,  and w i l l  surely be extended i n  the immediate future.  
Experimental ecology may be expected t o  expand greatly i n  the f i e ld s  of 
genetics and physiology, including many of the  problems which were touched 
upon i n  our discussions of fores t ry ,  agriculture and pol lut ion,  and w i l l  
a lso  be greatly extended in to  the whole f i e l d  of nu t r ien t  cycling and 
decomposition. While our ecological t ex t  books are f u l l  of a t t r ac t ive  
diagrams showing the carbon, nitrogen, phosphorus, e t c  cycles, we need t o  
be aware tha t  most of these diagrams are  pure f i c t i o n ,  and tha t  we s t i l l  
have very l i t t l e  understanding of t he  cycling and decomposition of nutr ients .  
S t i l l  l e s s  do we have su f f i c i en t  information about the  actual  ra tes  of t he  
movement of these elements through ecological systems, and the extent t o  
which the  r a t e s  can be changed by management practices.  A l l  of these 
topics w i l l  provide ample work fo r  experimental ecologists i n  the  coming 10 
t o  20 years. 
In simulation, the pr incipal  ecological processes w i l l  provide many of the  
opportunities fo r  the  application of mathematical modelling, as we seek 
f o r  a b e t t e r  understanding of t he  ways i n  which these processes function, 
and the  way i n  which the processes can be modified o r  developed t o  meet 
man's changing requirements i n  the ru ra l  environment. 
By the  combination of any 2 of the  bas ic  s t r a t e g i e s ,  however, we can embrace 
a wider range of ecological  research. Thus, by combining survey and 
experimentation, research on vegetation change, and the  monitoring of actual  
change i n  the r u r a l  environment, can be incorporated i n t o  our research 
programme. Similar ly ,  by combining simulation and survey, the  research On 
land use modelling, and on the e f f ec t s  of pol lut ion,  can be e f fec t ive ly  
pursued. F ina l ly ,  by combining simulation and experimentation, the  
important study of population dynamics of organisms, and of plant  and animal 
commuuities, w i l l  help t o  provide much needed answers f o r  the  management of 
semi-natural and crop ecosystems, and the  various w i ld l i f e  organisms which 
a re  dependent upon such systems. Figure 1, therefore,  provides a simple 
c l a s s i f i c a t i o n  of the  main research a c t i v i t i e s  which are l i ke ly  t o  form a 
bas i s  f o r  ITE's a t tack upon the  problems of ecology i n  the  80s. 
A s  we draw t o  the  conclusion of t h i s  symposium, it i s  perhaps relevant f o r  me 
t o  discuss ,  b r i e f l y ,  where we go from here. I t  seems c lear  t o  me t h a t  there 
should be continued discussion w i t h  the  users of ecological  research 
following t h i s  symposium, i n  addit ion t o  the  3 other  regional symposia which 
have already been planned. I envisage, therefore ,  a s e r i e s  of workshops 
t o  follow up the  discussions of t h i s  symposium, probably i n  r a the r  smaller 
groups. A t  these workshops, the  users of ecological  research can discuss 
the  r e su l t s  of research d i r ec t l y  w i t h  the  research s c i e n t i s t s ,  preferably i n  
r e l a t i on  t o  some of our models o r  simulations of the  ecological  systems 
themselves. Much w i l l ,  of course, depend upon the  willingness of the  
par t i c ipan ts  t o  continue the  discussion i n  t h i s  way, but I very much hope 
t h a t  a t  l e a s t  some of you w i l l  f e e l  encouraged and motivated t o  discuss 
research problems and our suggested solut ions  t o  these problems i n  t h i s  way. 
In addi t ion,  however, i t  is c l ea r  t h a t  there  is fur ther  discussion t h a t  still  
needs t o  take place on the  r e l a t i ve  contributions of ITE, the  other  research 
i n s t i t u t e s  of NERC, and the  un ivers i t i es  and polytechnics. I propose, 
therefore ,  t o  hold a meeting some time l a t e r  t h i s  year a t  which we discuss 
with other  research s c i e n t i s t s  the  best  way t o  ensure t h a t  we work together On 
these problems ra ther  than i n  competition. I t  seems l i ke ly  t h a t  we could 
f ind  a way of ensuring t h a t  each of the  research i n s t i t u t e s  and each of the  
universi ty departments concentrates on the  par t icu la r  problems which are most 
appropriate t o  the  available resources so  as t o  make the  bes t  use of the  
scarce resource of s c i e n t i f i c  exper t i se ,  c ap i t a l  equipment and f a c i l i t i e s .  
I w i l l ,  therefore ,  be wri t ing t o  the  universi ty par t i c ipan ts  a t  t h i s  
symposium t o  suggest a meeting some time l a t e r  t h i s  year. 
LAND USE 
J C Dunning 
In closing I would l i k e  t o  re-emphasise the  deepening problems of our upland 
areas and t o  point towards the  ways i n  which ITE could best  help. Perhaps 
the  grea tes t  need is  t o  f ind ways of enabling d i f f e r en t  i n t e r e s t s  t o  co-exist 
i n  the  uplands i n  a manner which could lend s t rength t o  each i n t e r e s t  ra ther  
than weaken i t ,  as happens so of ten a t  present.  These i n t e r e s t s  include 
farming, fo res t ry ,  publ ic  recreation,  landscape conservation, w i ld l i f e  
conservation and the  s o c i a l  and economic i n t e r e s t s  of upland colomIJnitieS. 
I t  is upon our a b i l i t y  as a nation t o  in tegra te  these many purposes t h a t  the  
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of survey, experimntation and simulation 
future  well-being of our upland areas depends. The ways of achieving t h i s  
integrat ion w i l l  often involve a fundamental re-examination of our land use 
po l i c i e s ,  f o r  it has already been demonstrated, i n  many imaginative 
projects ,  t h a t  a variety of national purposes i n  the  uplands can be 
reconciled through the careful  reshaping of po l ic ies  t o  meet a s e t  of 
defined objectives. 
It is i n  t h i s  coaplex f i e l d  t ha t  I believe ITE could have an important ro le  
t o  play and I very much hope th i s  i n t e r e s t ,  so  wel l  begun, w i l l  be sustained. 
